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the a n t a g o n i s t  [ H ]- q u i n u c 1 i d i n y l b e n z i 1 ate ([ H ]Q N B ) .
O
[ H ] Q N B  b i n d i n g  was i n h i b i t e d  by a c e t o n e  and e t ha n o l .
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g a n g l i o n .  I n c o r p o r a t i o n  of [ H j i n o s i t o l  is i n c r e a s e d  by 
the c h o l i n e r g i c  a g o n i s t  c a r b a m o y l c h o l i n e  an d this e f f e c t  
is b l o c k e d  by the m u s c a r i n i c  a n t a g o n i s t  a t r o p i n e .
The p r o d u c t i o n  of 
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C H A P T E R  1. 
I N T R O D U C T I O N
-1-
- B a c k g r o u n d -
1 . 0
T h e r e  are about one m i l l i o n  sp e c i e s  of in se cts  
k n o w n  to man. No t  only do they o u t n u m b e r  the 4 7 , 0 0 0  
s p e c i e s  of the e n t i r e  p h y l u m  C h o r d a t a  but they a l s o  ha ve  
an i m m e n s e  e c o n o m i c  impact  on m a n k i n d .  C r a m e r  (1967) 
c a l c u l a t e d  that a c o n s e r v a t i v e  e s t i m a t e  of the loss of 
the p o t e n t i a l  a g r i c u l t u r a l  p r o d u c t i o n  of the w o r l d  was 
14% from in se ct  pe st s alone. Th is f i g u r e  did not in c l u d e  
l o s s es  in p a s t o r a l  f a r m i n g  or the e f f e c t  of the d i s e a s e s  
for w h i c h  in s e c t s  s erv e as the ve c t o r ,  for e x a m p l e  
s l e e p i n g  s i c k n e s s  and m a l a r i a .
To c o m b a t  these c o m p e t i t o r s  m a n  uses a v a r i e t y  
of c h e m i c a l  i n s e c t i c i d e s ,  m o s t  of w h i c h  are n e u r o t o x i n s .  
H o w e v e r  our k n o w l e d g e  of in se c t n e u r o s c i e n c e  has be en  so 
l i m i t e d  that the m o d e s  of a c t i o n  of t he s e  c o m p o u n d s  are 
not p r o p e r l y  e s t a b l i s h e d .  I n d e e d  ba sic  i n s e c t i c i d e  
r e s e a r c h  is o f t e n  c a r r i e d  out in v e r t e b r a t e  ti ss u e s,  
w h i c h  are m u c h  b e t t e r  c h a r a c t e r i z e d ,  d e s p i t e  some 
o b v i o u s  d i f f e r e n c e s  b e t w e e n  the n e r v o u s  s y st em s  of 
v e r t e b r a t e s  and in se cts . T hi s same l ac k  of k n o w l e d g e  has 
m e a n t  that the d e v e l o p m e n t  of no v e l  i n s e c t i c i d e s ,  n e e d e d  
to o v e r c o m e  the r e s i s t a n c e  that in s e c t s  are d e v e l o p i n g  
to th o s e a l r e a d y  in use, has b e e n  by n e a r - r a n d o m  
" s y n t h e s i s e  and s c r e e n "  m e t h o d s .  C a s i d a  (1979) has 
e s t i m a t e d  that by this p r o c e s s  it takes ab ou t 50 
m a n - y e a r s  of c h e m i s t r y  to p r o d u c e  a v i a b l e  i n s e c t i c i d e .
-2-
F o l l o w i n g  the le a d of the p h a r m a c e u t i c a l  i n d u s t r y  some 
a g r o c h e m i c a l  c o n c e r n s  are n ow l o o k i n g  to s h o r t e n  this 
time by the r a t i o n a l  d e s i g n  of c o m p o u n d s  to a t t a c k  
d e f i n e d  t a r g e t  sites. This  has lead to an i n c r e a s e d  
e f f o r t  in b a s i c  in s e c t  n e u r o b i o l o g y  and p a r t i c u l a r l y  in 
i ns ec t n e u r o c h e m i s t r y .
- Th e CNS of the L o c u s t -
1.1
In i n s e c t  e m b r y o s  the b od y is s e g m e n t e d  and 
e ac h  s e g m e n t  c o n t a i n s  a b i l a t e r a l l y  s y m m e t r i c a l  
g a n g l i o n .  T h e s e  g a n g l i a  fuse, to some d e gre e, d u r i n g  
d e v e l o p m e n t  to form the c en t r a l  n e r v o u s  s y s t e m  (CNS).
The m o s t  a n t e r i o r  g a n g l i o n  in the in se c t  a f t e r  h a t c h i n g  
is the s u p r a o e s o p h a g e a l  g a n g l i o n  (also k n o w n  as the 
c e r e b r a l  g a n g l i o n  or br ai n) , it i n c l u d e s  g a n g l i a  fused 
t o g e t h e r  w i t h  the p r i m i t i v e ,  p r e s e g m e n t a l  a r c h e c e r e b r u m .  
F r o m  this the c i r c u m o e s o p h a g e a l  c o n n e c t i v e s  run, one on 
e ac h  side of the o e s o p h a g u s  to the s u b o e s o p h a g e a l  
g a n g l i o n .  The s u b o e s o p h a g e a l  g a n g l i o n  is the first 
g a n g l i o n  in the v e n t r a l  n e r v e  cord, w h i c h  is a c h a i n  of 
l i n k e d  g a n g l i a  r u n n i n g  the l e n g t h  of the body.
1 .1. 1
Th e g a n g l i a  ar e all of the same g e n e r a l
n e u r a l e m m a  
p e r i n e u r i u m






F i g u r e  1. R e p r e s e n t a t i o n  of a s e c t i o n  t h r o u gh  an insect 
ga n g 1 ion.
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s t r u c t u r e  (see Fig. 1). The m a s s  is s u r r o u n d e d  by an 
a c e l l u l a r  s t r u c t u r e  c a l l e d  the n e u r a l  l a m e l l a  over  a 
c e l l u l a r  layer, the p e r i n e u r i u m .  U n d e r  the p e r i n e u r i u m  
are f o un d  the cell b o di e s  of the n e u r o n e s ,  s u p p o r t e d  by 
gl ial  cells , w h i c h  are p e r i p h e r a l  to the n e u r o p i l e ,  a 
c o m p l e x  of ax on s and d e n d r i t e s  w h i c h  is w h e r e  all 
s y n a p s e s  are b e l i e v e d  to occur. In i n s ec t s  the a xon s are 
not m y e l i n a t e d  and there  are few glia in the n e u r o p i l e .  
Th is  l o c a l i s a t i o n  of f u n c t i o n  and the la ck  of 
a x o - s o m a t i c  s y n a p s e s  is in c o n t r a s t  w i t h  the v e r t e b r a t e s  
w h e r e  cell bo d ie s  do r e c e i v e  s y n a p t i c  c o n n e c t i o n s .
1.1.2
Th is t he sis  is c o n c e r n e d  w i t h  some a s p e c t s  of 
the n e u r o c h e m i s t r y  of the s u p r a o e s o p h a g e a l  g a n g l i o n .
S t r u c t u r a l l y  the s u p r a o e s o p h a g e a l  g a n g l i o n  is 
c o m p o s e d  of 3 m a i n  parts, the p r o t o c e r e b r u m ,  
deutoc ere br ur n and t r i t o c e r e b r u m  (see Fig. 2). The 
p r o t o c e r e b r u m  is the l a r g e s t  of th es e t hr ee parts  and 
m a y  be the seat of b e h a v i o u r a l  o r g a n i s a t i o n  (C ha pm a n,  
1982). The d e u t o c e r e b r u m  c o n t a i n s  the a n t e n n a l  lobes, 
c o n t a i n i n g  the cell bo di e s  of the s e n s o r y  n e u r o n s ,  and 
the t r i t o c e r e b r u m  is the po int of o r i g i n  for the 
c o n n e c t i v e s  to the s u b o e s o p h a g e a l  and fr on ta l  g an g l i a .
Th is  is a m o r e  c o m p l e x  s t r u c t u r e  than the 
g a n g l i a  of the v e n t r a l  ne r ve  c ord  as it c o n t a i n s  s ev e r a l  
a r e a s  of n e u r o p i l e  w h e r e  the input from the s e n s o r y  
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Figure 2. Anterior and lateral views of the brain and stomatogastric 




















Figur e 3. D i a g r a m  of the b r ai n  of Loc us t a m i gra tor ia 
s h o wi n g  the m o r e  i m p o r t a n t  areas of n e u r o p i l e  and a few 
of the ma i n  c o n n e c t i o n s  b e t w e e n  these areas.
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- C h o l i n e r gic T r a n s m i s s i o n -
1 . 2
N e u r o n e s  i m p i n g e  on o th e r  cells, i n c l u d i n g  
o t h e r  n e u r o n e s ,  at the sy na ps e . The s y n a p s e  is a 
s p e c i a l i s e d  s t r u c t u r e  at w h i c h  the e n d i n g  of an axon  
a p p r o a c h e s ,  in the case of an insec t n e u r o n e - n e u r o n e  
sy na p s e,  a part of the a r b o r i s a t i o n  of a n o t h e r  ne ur on e .
The s t r u c t u r e  and some of the f u n c t i o n s  of a
c h o l i n e r g i c  s y n a p s e  is s ho wn  (Fig. 4). The p r e s y n a p t i c
a c t i o n  p o t e n t i a l  leads to d e p o l a r i s a t i o n  of the t e rm i n a l
2 +and the e n s u i n g  in f l ux  of Ca ions c a us e s r e l e a s e  of 
a c e t y l c h o l i n e  (ACh) s t o r e d  in the s y n a p t i c  v e s i c l e s .  The 
A Ch then d i f f u s e s  a c r o s s  the s y n a p t i c  cleft and 
i n t e r a c t s  w i t h  the r e c e p t o r  m o l e c u l e s  s i t u a t e d  in the 
m e m b r a n e  of the p o s t s y n a p t i c  cell w h i c h  t r a n s f o r m  this 
s ig na l into the c e l l u l a r  r e s p o n s e ,  this i n t e r a c t i o n  
takes the form of a r e v e r s i b l e  b i nd i n g.  The AC h also 
i n t e r a c t s  w i t h  a u t o r e c e p t o r s  on the p r e s y n a p t i c  
t er m i n a l .  T h e r e  are bo th  m u s c a r i n i c  and n i c o t i n i c  
a u t o r e c e p t o r s  in v e r t e b r a t e s .  M u s c a r i n i c  a u t o r e c e p t o r s  
ha ve been sh o w n to form part of a n e g a t i v e  f e e d b a c k  loop 
w h i c h  m a y  act to t e r m i n a t e  the s y n a p t i c  ev ent (Polak, 
1971 and N o r d s t r o m  and B a r t f a i ,  1980). The n i c o t i n i c  
a u t o r e c e p t o r s ,  h o w e v e r ,  se em to i n c r e a s e  A Ch  r e l e a s e  
(Moss and W o n n a c o t t ,  1985).
The A C h  d i f f u s e s  away from the r e c e p t o r s  and 












postsynaptic ce l l
a t r o p i n e  n ic o t in e
Figure 4. Model of a cholinergic synapse.
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the e n z y m e  a c e t y l c h o l i n e s t e r a s e .  The p r o d u c t s  of the 
h y d r o l y s i s  of A C h  are a c e t a t e  and c ho l i n e ,  b o t h  of w h i c h  
are t a k e n  up into the p r e s y n a p t i c  n e r v e  t e r m i n a l s  by an 
a c t i v e  t r a n s p o r t  s y s t e m  and m a y  be re i n c o r p o r a t e d  into 
a c e t y l c h o l i n e .
- T he  I m p o r t a n c e  of T he  M e m b r a n e -
1.3
Th e r e c e p t o r s  for ACh, and for ot h e r  
t r a n s m i t t e r s ,  are t r a n s m e m b r a n e  p r o t e i n s ,  s p a n n i n g  the 
li p i d  b i l a y e r  an d in i n t i m a t e  c o n t a c t  w i t h  it. T hi s  
m e a n s  that the f u n c t i o n  of the r e c e p t o r s ,  a nd  thus of 
the n e r v o u s  system , m a y  be d e p e n d e n t  on the s ta t e  of the 
w h o l e  m e m b r a n e .
C u r r e n t  t h o u g h t s  on the s t r u c t u r e  of the 
b i o l o g i c a l  m e m b r a n e  are l a r g e l y  i n f l u e n c e d  by the fluid 
m o s a i c  m o d e l  of S i n g e r  and N i c o l s o n  (1972). T h e y  
p r o p o s e d  that the li p id  b i l a y e r  is l a r g e l y  fluid. This 
"s e a "  of l i p i d  s u p p o r t s  " i c e b e r g s "  of p r o t e i n  w h i c h  are 
i m m e r s e d  in it to v a r y i n g  d e gr e e s .  B o t h  the li p i d  and 
p r o t e i n  c o m p o n e n t s  are free to m o v e  in the p l a n e  of the 
m e m b r a n e .  H o w e v e r  it has b ee n  s h o w n  that t he re are some 
c o n s t r a i n t s  on the m o v e m e n t  of the c o m p o n e n t s  of the 
m e m b r a n e  (for r e v i e w  see H e l m r e i c h  and E ls o n ,  1984).
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P r o t e i n s  m a y  be c o n s t r a i n e d  by i n t e r a c t i o n  w i t h  
c y t o s k e l e t a l  e l e m e n t s ;  R o u s s e l e t  et_ £^. (1981) ha ve
p r e s e n t e d  e v i d e n c e  that the n A C h R  in the e l e c t r i c  o r g a n  
from T o r p e d o  e l e c t r i c  or g an  are h e l d  t o g e t h e r  in a ri gi d  
a r r a y  by a n o n - m e m b r a n e  protein.
L i p i d s ,  on the ot h er  hand, m a y  form cl o s e
a s s o c i a t i o n s  w i t h  m e m b r a n e  p r o t e i n s  w h i c h  r e s u l t  in a
ri ng of a n n u l a r  l i p i d  a r o u n d  the p r o t e i n ,  m a i n t a i n i n g  it
in a c o n s t a n t  l i p i d  e n v i r o n m e n t .  T w o c o m p o n e n t s ,  e ac h of
d i f f e r e n t  f l u i d i t y ,  h a v e  b een  o b s e r v e d  in se v e r a l
p r o t e i n  r ic h m e m b r a n e s ,  i n c l u d i n g  for e x a m p l e  the
m i t o c h o n d r i a l  m e m b r a n e  c o n t a i n i n g  c y t o c h r o m e  o x i d a s e
(Jost et al^. , 1973 a).  This was i n t e r p r e t e d  as e v i d e n c e
for two r e g i o n s  of l i pi d bi la ye r, c o r r e s p o n d i n g  to that
in c o n t a c t  w i t h  p r o t e i n s  and the rest in a free
l i p i d - o n l y  e n v i r o n m e n t .  It was p r o p o s e d  that the fo rme r
of t h es e  was a r i g i d  or i m m o b i l i s e d  l ay e r  of a n n u l a r
l ip i d  (Jost e^ al^. , 1973b). H o w e v e r  this i n t e r p r e t a t i o n
has be en  c h a l l e n g e d ;  C h a p m a n  ^t al^. (1979) s u g g e s t  that
t her e are o t h e r  p o s s i b l e  e x p l a n a t i o n s  for the
o b s e r v a t i o n s  m a d e  and r e v i e w  e v i d e n c e  w h i c h  c a n n o t  be
r e c o n c i l e d  w i t h  the c o n c e p t  of a fi xed  l i p i d  a n n u l u s .  In
p a r t i c u l a r ,  d a t a  from d e u t e r i u m  n u c l e a r  m a g n e t i c
r e s o n a n c e  s t u d i e s  (Kang al_. , 1979 ) w h i c h  m e a s u r e
sl ow e r  e v e n t s  ( 1 0 “* s *) than the e l e c t r o n  spin r e s o n a n c e
8 —  1
s t u d i e s  of J o s t  ^ t  al^. ( 19 7 3 a , b )  (10 s ), do not show  
two d i f f e r e n t  l i p i d  c o m p o n e n t s .  C h a p m a n  e^ t al .^ ( 1 979)
s u g g e s t  that this i n d i c a t e s  that any li p i d in
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a s s o c i a t i o n  w i t h  p r o t e i n  is t h e r e f o r e  not t i g h t l y  b o u n d  
but free to e x c h a n g e  w i t h  o th e r  l i p i d  in the m e m b r a n e .
T he  c h a r a c t e r i s t i c s  of the p l a s m a  m e m b r a n e  are 
a r e s u l t a n t  of the i n t e r a c t i o n s  of the s e v e r a l  li pi d  
c o n s t i t u e n t s ,  w h i c h  form ab o u t  40% of the dry w e i g h t  of 
m o s t  m e m b r a n e s ,  an d the p r o t e i n s  a s o c i a t e d  w i t h  the 
m e m b r a n e ,  w h i c h  c o m p r i s e  the r e m a i n i n g  60%. Th e li pi d  
c o m p o s i t i o n  of v e r t e b r a t e  n e r v e  e n d i n g  m e m b r a n e s  has 
b e e n  d e t e r m i n e d  b o t h  in the p r o p o r t i o n  of the v a r i o u s  
li p i d  c l a s s e s  a nd the fa tt y ac id  c o m p o s i t i o n  w i t h i n  each 
cl ass  of p h o s p h o l i p i d  (Br e c k e n r  idge £t^ al^. , 1972). In
i ns e c t s  the c l a s s e s  of l i p i d  at n e r v e  e n d i n g s  has been 
d e t e r m i n e d  ( B r e e r  a nd  J e s e r i c h ,  1984), but w o r k  on fatty 
a c i d  c o m p o s i t i o n s  has b ee n  l a r g e l y  l i m i t e d  to 
e x p e r i m e n t s  on w h o l e  i n s e c t s  (for e x a m p l e  see H a n s o n  £t^ 
al., 1985).
1.3.1
C o m p o u n d s  su c h  as a l i p h a t i c  a l c o h o l s  a nd some 
a n a e s t h e t i c s  are  k n o w n  to c h a n g e  m e m b r a n e  p r o p e r t i e s .
The m e m b r a n e  f l u i d i t y  is k n o w n  to i n c r e a s e  u n d e r  their  
i n f l u e n c e  ( P a p a h a d  j o p o u l o s  et_ a_l. , 1975 ) and this is
t h o u g h t  to o c c u r  by d i s o r d e r i n g  an d f l u i d i z i n g  the 
h y d r o p h o b i c  c o r e  of the l i p i d  b i l a y e r  (Chin and 
G o l d s t e i n ,  1981).
T h e  e f f e c t  of e t h a n o l  on the f l u i d i t y  of 
v e r t e b r a t e  s y n a p t o s o m a l  m e m b r a n e s  has b e e n  s t u d i e d  (Chin 
and G o l d s t e i n ,  1977; H a r r i s  and S c h r o e d e r ,  1981) and
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they h a v e  b e e n  f ou n d  to be m o r e  s e n s i t i v e  to m e m b r a n e  
d i s o r d e r i n g  c o m p o u n d s  w h e n  they are i n t ac t than the 
l ip i d  i s o l a t e d  c o m p o n e n t  is w h e n  r e c o n s t i t u t e d  (Harr is  
and S c h r o e d e r ,  1981).
T he  c h a n g e s  i n d u c e d  in b r a i n  m e m b r a n e  f l u i d i t y  
h a v e  b ee n fo u n d  to c o r r e l a t e  w i t h  h y p n o t i c  p o t e n c i e s  in 
m i c e  for a s e r i e s  of s h o r t - c h a i n  a l c o h o l s  (Lyon e_t a l . , 
1981 ).
T h e r e  is e v i d e n c e  that m e m b r a n e  d i s o r d e r i n g
c o m p o u n d s  h a v e  a d i r e c t  e f f e c t  on r e c e p t o r  fun ct i on .
S t u d i e s  iji v i t r o  on n e u r o m u s c u l a r  j u n c t i o n  p r o p e r t i e s
h a v e  fo und  that o c t a n o l  c h a n g e s  the k i n e t i c s  of A Ch
i n d u c e d  m i n a t u r e  e n d p l a t e  p o t e n t i a l s ,  by r e d u c i n g  the
time c o n s t a n t  of the d e c a y  ph a s e (Gage £_t al^. , 1974), as
do free f a tt y  a c i d s  ( A n d r e a s e n  and M c N a m e e ,  1980).
E l - F a k a h a n y  £_t a_l. ( 1983) o b s e r v e d  that a l c o h o l s  c h a n g e
the a f f i n i t y  of the n A C h R  ion c h a n n e l  for l i g a n d s  such
as h i s t r i o n i c o t o x i n  w h i c h  is an ion c h a n n e l  b l oc k e r .
A g u i l a r  eijt al^. (1980) fo un d that local
a n a e s t h e t i c s  w h i c h  are k n o w n  to h av e  m e m b r a n e  e f f e c t s
(Jai n et £l^. , 1975 ; P a p a h a d  j o p o u l o s  e_t al_. , 1975 )
3
i n h i b i t e d  [ H ] Q N B  b i n d i n g  to c e n t r a l  m u s c a r i n i c
r e c e p t o r s ,  a c t i n g  at a sit e ot h e r  than  that w h e r e  Q N B
binds. E l - F a k a h a n y  and R i c h e l s o n  (1981) f oun d that ot he r
a n a e s t h e t i c s  b l o c k e d  m u s c a r i n i c a l l y  s t i m u l a t e d  cGMP
3
f o r m a t i o n  as w e l l  as [ H ] Q N B  b i nd i n g ,  in a 
n o n c o m p e t e t i v e  f as h i on ,  an d w e r e  m o r e  e f f e c t i v e  at 
s u p r e s s i n g  the cG MP  s yst em,  w h i c h  i n v o l v e s  a
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m e m b r a n e - p r o t e i n  i n t e r a c t i o n .  E t h a n o l  has b ee n sh o w n  to 
c h a n g e  the c h a r a c t e r i s t i c s  of b i n d i n g  to b r a i n  o p i a t e  
r e c e p t o r s  bo t h  e n h a n c e m e n t  and i n h i b i t i o n  of b i n d i n g  
b e i n g  o b s e r v e d  d e p e n d i n g  on the c o n c e n t r a t i o n  used  
( T a b a k o f f  and H o f f m a n ,  1983).
It w o u l d  se em  that the th e se  c o m p o u n d s  h a v e  
th eir  e f f ec t  by i n t e r f e r i n g  w i t h  the i n t e r a c t i o n s  
b e t w e e n  r e c e p t o r  p r o t e i n s  and t he ir  l i p i d  e n v i r o m e n t .  
T h e r e  is a ls o  e v i d e n c e  that i n s e c t i c i d e s  m a y  i n f l u e n c e  
the c h a r a c t e r i s t i c s  of m e m b r a n e s  (M ar qu i s,  1985). In rat 
e r y t h r o c y t e s  D o m e n e c h  £ £  *il_. ( 1977 ) fo un d  that
c o n c e n t r a t i o n s  of the a n t i c h o l i n e s t e r a s e
o r g a n o p h o s p h a t e s  w h i c h  do not i n h i b i t  the e n z y m e  c h a n g e d  
the Hill c o e f f i c i e n t  of the e n z y m e  t h r o u g h  a m e m b r a n e  
f l u i d i t y  effect.
It has b e en  r e p o r t e d  that s p e c i f i c  c l a s s e s  of 
m e m b r a n e  l i p i d  a f f e c t  r e c e p t o r  f u n c t i o n  for n A C h R s  
( Z a b r e c k y  and R a f t e r y ,  1985) o p i a t e  r e c e p t o r s  ( A b oo d  and 
T a k e d a ,  1976) and m A C h R s  ( A r o n s t a m  e_t al^. , 1977 ).
Z a b r e c k y  and R a f t e r y  (1985) a l t e r e d  the li pi d  
c o m p o s i t i o n  of r e c e p t o r  ri ch m e m b r a n e s  from T o r p e d o  
ca li  f o r n i c a  by f u si n g th em  w i t h  l i p o s o m e s  of a k n o w n  
c o m p o s i t i o n .  T h e y  fo u n d that a h i g h  c h o l e s t e r o l  
c o n c e n t r a t i o n  was i m p o r t a n t  for c a r b a m o y l c h o l i n e  
( c a r b a c h o l )  a c t i v a t i o n  of the ion c h a n n e l s ,  an d that the 
p r o p o r t i o n  of the d i f f e r e n t  p h o s p h o l i p i d  c l a s s e s  h ad  an 
e f f e c t  on the ion flux t h r o u g h  the c h a nn e l .
A b o o d  and T a k e d a  (1976) fo u n d  that
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p h o s p h a t i d y l  s e r i n e  (PS) e n h a n c e d  s t e r e o s p e c i f i c  b i n d i n g  
to o p i a t e  r e c e p t o r s  w h e n  i n c o r p o r a t e d  into the n e u r a l  
m e m b r a n e s ,  w h e r e a s  o t h e r  p h o s p h o l i p i d s  ha d d e l e t e r i o u s  
e f f e c t s  or no e f f e c t  at all. A r o n s t a m  e_t al^. ( 1977) 
f o u n d  that p h o s p h o l i p a s e  t r e a t m e n t  i n h i b i t e d  [ H ] Q N B  
b i n d i n g ,  but this c o u l d  be p a r t l y  r e s t o r e d  by the 
s u b s e q u e n t  a d d i t i o n  of e x o g e n o u s  p h o s p h o l i p i d s ,  of w h i c h  
PS was the m o s t  e f f e c t i v e .
It has not b e e n  s ho w n  w h e t h e r  th e s e  e f f e c t s  
are  due to p h o s p h o l i p i d  b i n d i n g  to the r e c e p t o r  
m o l e c u l e s  or to m e m b r a n e  f l u i d i t y  e f f e c t s .  C h o l e s t e r o l  
is k n o w n  to i n c r e a s e  m e m b r a n e  v i s c o s i t y  (Chin an d 
G o l d s t e i n ,  1981) and  it m a y  be that this is its 
p r i n c i p l e  m o d e  of a c tio n. The p o s s i b i l i t y  of low 
a f f i n i t y  b i n d i n g  si t e s on the p r o t e i n  ca nn ot , h o w e v e r ,  
be r u l e d  out.
The  s t u d i e s  on p h o s p h o l i p i d  e f f e c t s  are 
d i f f i c u l t  to i n t e r p r e t  as the p h o s p h o l i p i d s  u s e d  w e r e  
m o s t l y  c r u d e  p r e p a r a t i o n s  w i t h o u t  a d e f i n e d  fa tt y  acid 
c o m p o s i t i o n  an d t h e r e f o r e  had an u n k n o w n  e f f e c t  on 
m e m b r a n e  p r o p e r t i e s .  The e x c e p t i o n  is the st u d y of 
A r o n s t a m  et a_l. ( 1977 ), they did use some s y n t h e t i c  
p h o s p h o l i p i d s ,  but b e y o n d  o b s e r v i n g  that the f a t t y  acid  
c o m p o s i t i o n  has s om e  e f f e c t  on the p h o s p h o l i p i d s '  
e f f i c a c y  in m o d i f y i n g  r e c e p t o r  f u n c t i o n  did not st u d y  
this a s p e c t  fu rth er .
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-M u s c a r i n i c  A c e t y l c h o l i n e  R e c e p t o r s -
1.4
In v e r t e b r a t e s  a c e t y l c h o l i n e  is a 
n e u r o t r a n s m i t t e r  w i t h  f u n c t i o n s  in b o th  the c e n t r a l  and 
p e r i p h e r a l  n e r v o u s  syste ms . L i k e  o t h e r  n e u r o t r a n s m i t t e r s  
the e ff e c t s  of a c e t y l c h o l i n e  are m e d i a t e d  by cell 
s u r f a c e  r e c e p t o r s ,  a c e t y l c h o l i n e  r e c e p t o r s  (AChR).
T h e r e  are two m a j o r  types of AChR, n i c o t i n i c  
( nAC hR ) and m u s c a r i n i c  (mAChR), w h i c h  d i f f e r  in the 
r e s p o n s e s  they evoke, in th e ir  l o c a t i o n  and in their  
p h a r m a c o l o g y  (Dale, 1914). The n A C h R  is found 
c l a s s i c a l l y  at the n e u r o m u s c u l a r  j u n c t i o n ,  but a lso  in 
the CNS, and gives  rise to fast s t i m u l a t o r y  r e s p o n s e s .  
Th e m A C h R  is found in the CNS and s m o o t h  m u s c l e ,  for 
e x a m p l e  that of the h e a r t  and gut, a n d  in d i f f e r e n t  
ti s s u e s  m a y  lead to e i t h e r  s t i m u l a t o r y  or i n h i b i t o r y  
r e p o n s e s ,  w h i c h  tend to be s l o w e r  in o ns e t  and l o n g e r  in 
durat  i o n .
In the v e r t e b r a t e  CNS th er e  are k n o w n  to be 
m a n y  c h o l i n e r g i c  p a t h w a y s ,  and m A C h R s  h a v e  bee n  
a s s o c i a t e d  w i t h  i m p o r t a n t  f u n c t i o n s  in c o g n i t i v e  
f u n c t i o n  and m e m o r y  (Hoss and E l l i s ,  1985).
1.4.1
M u c h  of the w o r k  that has b e e n  p e r f o r m e d  to 
c h a r a c t e r i z e  the m A C h R  in the v e r t e b r a t e s  has b e e n  b a s e d
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on the b i n d i n g  of r a d i o l a b e l e d  l i g a n d s ,  p a r t i c u l a r l y  
a n t a g o n i s t s  such as q u i n u c l i d i n y l b e n z i l a t e  (QNB) and 
N - m e t h y 1 s c o p o l a m i n e . For a l ong  time the w o r k  of m a n y  
l a b o r a t o r i e s  s u g g e s t e d  that th er e was a s i ng l e  
h o m o g e n e o u s  c la ss of m A C h R  in all the t i ss u e s
i n v e s t i g a t e d ,  and that the p r o p e r t i e s  m e a s u r e d  a g r e e d
w i t h  the r e s p o n s e s  to a n t a g o n i s t s  in p h y s i o l o g i c a l  
as sa y s  ( B i r d s a l l  £_t al^. , 1980; S n y d e r  £jt a l . , 19 7 5 ) .
H o w e v e r  c l o s e r  e x a m i n a t i o n  of the i n h i b i t i o n  of the
b i n d i n g  of th e se  c o m p o u n d s  by a g o n i s t s  s h o w e d
c o n c e n t r a t i o n - d e p e n d e n c e  cu r v e s  w h i c h  d e v i a t e d  from 
th ose  e x p e c t e d  for a h o m o g e n e o u s  p o p u l a t i o n  of sites.
The i n h i b i t i o n  c ur v e s  are f l a t t e n e d  and the H il l  
c o e f f i c i e n t s  are s i g n i f i c a n t l y  less than one ( B i r d s a l l  
et a l ., 1978, 1980). P a r a l l e l  i n v e s t i g a t i o n s  that used
l a b e l l e d  a g o n i s t s  le ad  to the f o r m a t i o n  of a m o d e l  w h i c h  
p o s t u l a t e d  that t her e are m u l t i p l e  s u b p o p u l a t i o n s  of 
m A C h R s  that are d i s c e r n e d  by a g o n i s t s  but not by 
a n t a g o n i s t s  ( B i r d s a l l  et_ a^. , 1978).
T h e r e  has be en  some doubt r e g a r d i n g  the n u m b e r  
of b i n d i n g  sites for a g o n i s t s .  A two site m o d e l  was not 
c a p a b l e  of e x p l a i n i n g  the v a r i a t i o n s  b e t w e e n  d i f f e r e n t  
b r a i n  r e g i o n s ,  w h e r e a s  a th r e e  site m o d e l  was s u f f i c i e n t  
(Ellis and H oss , 1980). T h e s e  data a g r e e d  w i t h  the c u r v e  
f i t t i n g  e x p e r i m e n t s  of B i r d s a l l  e_t a\_. (1980), w h o  found
that a th re e  site m o d e l  s i g n i f i c a n t l y  i m p r o v e d  the fit 
over a two site m od e l .  T h e s e  data m u s t  be t r e a t e d  w i t h  
some c a u t i o n  as the c o m p a r i s o n  of m o d e l s  of gr ea t
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c o m p l e x i t y ,  such as th ose  w i t h  th ree  sites or th os e  w i t h  
two sites, one of w h i c h  shows c o o p e r a t i v i t y  is not easy 
( S o k o l o v s k y  es£ al,. , 1983).
1.4.2
T h e r e  are n ow  a v a i l a b l e  some s e l e c t i v e  or 
' n o n - c l a s s i c a l '  a n t a g o n i s t s .  H a m m e r  et al^. (1980) s h ow e d  
that the a n t a g o n i s t  p i r e n z e p i n e  i n h i b i t e d  the b i n d i n g  of 
the c l a s s i c a l  a n t a g o n i s t  N - m e t h y 1 s c o p o l a m i n e  w i t h  
p o t e n c i e s  that v a r i e d  b e t w e e n  d i f f e r e n t  t i s s u e s  and had 
H il l  c o e f f i c i e n t s  s i g n i f i c a n t l y  less than unity. This 
c o m p o u n d  a l o n g  w i t h  the n o n - c l a s s i c a l  a g o n i s t  M c N - A - 3 4 3  
was used to d i s t i n g u i s h  b e t w e e n  two s u b c l a s s e s  of mA Ch R,  
and (Goyal and Ra t t a n ,  1978; H a m m e r  and G i a c h e t t i ,  
1982). R e c e p t o r s  of the type w e r e  s t i m u l a t e d  by 
M c N - A - 3 4 3  in f u n c t i o n a l  as s a y s  and h ad a h i g h  a f f i n i t y  
for p i r e n z e p i n e ,  w h e r e a s  r e c e p t o r s  w e r e  not 
s t i m u l a t e d  by M c N - A - 3 4 3  and ha d  a lo w e r  a f f i n i t y  for 
p i r e n z e p i n e .
S i n c e  then two m o r e  n o n - c l a s s i c a l  a n t a g o n i s t s  
h a v e  be en  r e p o r t e d ,  A F - D X  116, a p i r e n z e p i n e  d e r i v a t i v e  
( G i a c h e t t i  ert al_. , 1986; H a m m e r  et_ al^. , 1986) and
h e x a h y d r o - s i l a d i f e n i d o l  ( M u t s c h l e r  and L a m b r e c h t ,  1984). 
T h e s e  two c o m p o u n d s  are s e l e c t i v e  for the s u b c l a s s  of 
m A C h R  but show v a r i a b l e  a f f i n i t i e s  for d i f f e r e n t  t i s s u e s  
and h av e  b een  used, a l o n g  w i t h  p i r e n z e p i n e ,  to d e f i n e  a 
th ree  s u b c l a s s  m o d e l  for the m A C h R  ( B i r d s a l l  e^ al^. , in 
press ). This w o u l d  seem to a g r e e  w i t h  the th ree  si te
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m o d e l  for a g o n i s t  b i n d i n g  to m A C h R s ,  h o w e v e r  W a t s o n  
et a l . (1 98 6)  h a v e  r e p o r t e d  that th e r e is some r e m a i n i n g
h e t e r o g e n e i t y  of a g o n i s t  b i n d i n g  w i t h i n  the , h i g h  
p i r e n z e p i n e  a f f i n i t y ,  s u b c la s s .
T h e r e  has b e e n  m u c h  d i s c u s s i o n  as to w h e t h e r  
the d i f f e r e n t  si tes o b s e r v e d  are i n t e r c o n v e r t a b l e  or 
not. B e r r i e  ^_t al^. (1 98 6 )  ha ve o b s e r v e d  that s o l u b l i z e d  
r e c e p t o r s  m a i n t a i n  full h e t e r o g e n e i t y  of l i g a n d  b i n d i n g  
w h e r e a s  B a r o n  eX a_l. (1985 ) ha ve  n o t e d  a c o n v e r s i o n  by 
t r a n s i t i o n  m e t a l  ions to a s i n g le  class  of b i n d i n g  site 
for a g o n i s t s .  S u c h  c o n t r a d i c t o r y  r e s u l t s  h a v e  l ead  to a 
d e b a t e  a b o u t  w h e t h e r  t h e s e  d i f f e r e n t  s u b c l a s s e s  
r e p r e s e n t  d i f f e r e n t  c o n f o r m a t i o n a l  st ate s of the same 
p r o t e i n  or p r o t e i n s  w i t h  d i f f e r e n t  se q u e n c e .  The  r e c en t  
p u b l i c a t i o n s  by K u b o  £t^ al_. ( 1 9 8 6 a , b )  of the a m i n o  acid  
s e q u e n c e s  for two i s o f o r m s  of the p o r c i n e  m A C h R  h a v e  
a p p a r e n t l y  r e s o l v e d  this deba te.  The two i s o f o r m s  are 
h i g h l y  h o m o l o g o u s  for m u c h  of th ei r s e q u e n c e  but h a v e  a 
r e g i o n  of gr e a t  h e t e r o g e n e i t y  wh i c h,  it is p r o p o s e d ,  m a y  
be the site of th e i r  i n t e r a c t i o n s  w i t h  the e f f e c t o r  
m e c h a n i s m s .  S ome  s p e c u l a t i o n  m a y  r e m a i n  as to w h e t h e r  
any m o r e  m o l e c u l a r  forms of the r e c e p t o r  exist.
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- S e c o n d  M e s s e n g e r s  L i n k e d  to m A C h R-
1.5
U n l i k e  the n A C h R  w h i c h  has its e f f e c t  t h r o u g h  
the o p e n i n g  of an i n t e g r a l  ion c h a n n e l ,  the m A C h R  m a y  be 
l i n k e d  to s e v e r a l  d i f f e r e n t  e f f e c t o r  m e c h a n i s m s .  T h e s e  
i n c l u d e  four d i f f e r e n t  m e m b r a n e  ion c o n d u c t a n c e  c h a n g e s  
(North, 1986), in d i f f e r e n t  t i s s u e s  p o t a s s i u m  
c o n d u c t a n c e s  can be e i t h e r  i n c r e a s e d  or d e c r e a s e d ,  a 
s o d i u m  c o n d u c t a n c e  can be i n c r e a s e d  a nd  a c a l c i u m  
c o n d u c t a n c e  can be d e c r e a s e d .  S e c o n d  m e s s e n g e r  e f f e c t s  
i n c l u d e  s t i m u l a t i o n  of g u a n y l a t e  c y c l a s e  ( H a n l e y  and 
I v e r s e n ,  1978), i n h i b i t i o n  of a d e n y l a t e  c y c l a s e  (O l ia n a s  
e t a l ., 1983) and s t i m u l a t i o n  of p h o s p h a t i d y 1 i n o s i t o l
(PI) t u r n o v e r  (F isher, 1986).
T h e r e  is so me u n c e r t a i n t y  o v e r  h o w  the ion 
c h a n n e l s  an d g u a n y l a t e  c y c l a s e  are l i n k e d  to the 
r e c e p t o r ,  for e x a m p l e  a l t h o u g h  s om e p o t a s s i u m  c h a n n e l s  
s e e m  to be l i n k e d  i n t i m a t e l y  w i t h  the m A C h R  ( S a k m a n n  e_t 
a 1 ., 1983) o t h e r  i on ic r e s p o n s e s  s h o w  a l a t e n c y  w h i c h
far e x c e e d s  the n o r m a l  s y n a p t i c  d e l a y  i n c u r r e d  in 
n i c o t i n i c  t r a n s m i s s i o n  (Brow n e^ t a_l. , 1986), this
s u g g e s t s  the p o s s i b l e  i n v o l v e m e n t  of a s e c o n d  m e s s e n g e r  
r e s p o n s i b l e  for the a c t i v a t i o n  of the
e l e c t r o p h y s i o l o g i c a l  event . It has b e e n  s h o w n  that the 
s e c o n d  m e s s e n g e r s  from PI m e t a b o l i s m  p r o d u c e d  in 
r e s p o n s e  to b r a d y k i n i n  can c h a n g e  the m e m b r a n e  p o t a s s i u m  
c o n d u c t a n c e  of a n e u r o n a l  cell ( H i g a s h i d a  an d Brown,
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1986).
The two m e c h a n i s m s  that h a v e  b e e n  m o s t  s t u d i e d  
are the d o w n r e g u l a t i o n  of a d e n y l a t e  c y c l a s e  and the 
t u r n o v e r  of PI.
- A d e n y l a t e  c y c l a s e  r e g u l a t i o n -
1.5.1
A d e n y l a t e  c y c l a s e  is a m e m b r a n e  b o u n d  e n z y m e  
w h i c h  c a t a l y z e s  the c o n v e r s i o n  of 
a d e n o s i n e - 5  1- t r i p h o s p h a t e  (ATP) to 
a d e n o s i n e - 3  1 , 5 ’- m o n o p h o s p h a t e  (cAMP). cAMP is an 
i m p o r t a n t  s e c o n d  m e s s e n g e r  in the CNS (for r e v i e w  see 
D r u m m o n d ,  1983) and acts to s t i m u l a t e  the a c t i v i t y  of 
p r o t e i n  k i n a s e s .  D i f f e r e n t  n e u r o t r a n s m i t t e r s  and 
h o r m o n e s  can act e i t h e r  to s t i m u l a t e  or i n hi b it  
a d e n y l a t e  c y c l a s e  (D r u m m o n d ,  1983). The r e g u l a t o r y  
e f f e c t  is m e d i a t e d  by the i n t e r a c t i o n  of the r e c e p t o r  
w i t h  the g u a n i n e  n u c l e o t i d e - b i n d i n g  p r o t e i n s  
( N - p r o t e i n s )  that r e g u l a t e  a d e n y l a t e  c y c l a s e  (see Fig.
5).
N - p r o t e i n s  are c o m p o s e d  of t hre e s u b u n i t s ,  cc, (3
and y. The fi and y s u b u n i t s  are c o m m o n  to b ot h  the 
s t i m u l a t o r y  ( N g ) and i n h i b i t o r y  (N^) n u c 1 e o t i d e - b i n d i n g  
p r o t e i n s .  Th e Oc s u b u n i t  h o w e v e r  is d i f f e r e n t  and it is 
this that bi nds  the GTP and has the G T P a s e  a c t i v i t y .
T h e  m o d e l  for N - p r o t e i n  a c t i o n  has b e e n
IbA
ACh
F ig u r e  5. M o de l  p r o p o s e d  for the m e c h a n i s m  of a c t i o n  of 
the i n h i b i t i o n  of a d e n y l a t e  c y c l a s e  a c t i v i t y  by 
a c e t y l c h o l i n e .
In the p r e s e n c e  of a c e t y l c h o l i n e ,  s od i u m  and GTP the 
m u s c a r i n i c  r e c e p t o r  (R) ca use s the d i s s o c i a t i o n  of th‘e 
p r o te i n  c o m p l e x  a l l o w i n g  the ot-subunit to i nt e r a ct  
w i t h  the a d e n y l a t e  c y c l a s e  (C) and cau se a r e d u c t i o n  in 
its act iv ity .
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p r o p o s e d  by H i l d e b r a n d t  jj_t (1984) and K a t a d a  £_t a l .
(1984). T h e  o c c u p a n c y  of the r e c e p t o r  by an a g o n i s t
f a c i l i t a t e s  the b i n d i n g  of GTP to N g and the c o n s e q u e n t
d i s s o c i a t i o n  of the oc s ub uni t. T h is  a l l o w s  (in the case
of the N ) f o r m a t i o n  of a c t i v e  OC - G T P  c o m p l e x e s  w h i c h  
s s
s t i m u l a t e  the c a t a l y t i c  s u b u n i t  of the c yc l as e.  This
s t i m u l a t i o n  p r o c e s s  is un d e r n e g a t i v e  c o n t r o l  by the
G T P a s e  a c t i v i t y ,  w h i c h  c a t a l y z e s  the h y d r o l y s i s  of
0L - G T P  to O C - G D P , t h e r e b y  t u r n i n g  off the s t i m u l a t i o n  of 
s s
the c y c l a s e  by the a c t i v e  Otg- G T P  c o m p l e x .  The OC s u b u n i t
d i s s o c i a t e s  from the a d e n y l a t e  c y c l a s e  and r e a s s o c i a t e s
w i t h  the ot h e r  s u b u n i t s  to form N . T he  m o d e l  is the
s
same for i n h i b i t o r y  r e s p o n s e s  e x c e p t  that it has b ee n  
s u g g e s t e d  that the i n h i b i t i o n  m a y  be e n h a n c e d  if the 
free B/y c o m p l e x  a s s o c i a t e s  w i t h  CXg s u b u n i t s  p r e v e n t i n g  
their  a c c e s s  to the a d e n y l a t e  c y c l a s e .  It has b e e n  s ho wn  
that the i n h i b i t o r y  c o u p l i n g  of m u s c a r i n i c  r e c e p t o r s  to 
a d e n y l a t e  c y c l a s e  oc c u rs  via ( On a l i  ^t al_., 1983) and
is s o d i u m  d e p e n d e n t .
- P h o s p h a t i d y l i n o s i t o l  m e t a b o l i s m -
1. 5.2
PI is a m e m b r a n e  p h o s p h o l i p i d  w h i c h  is fo un d  
in all e u k a r y o t e s  and has b e en  r e p o r t e d  to ha ve  m a n y  
d i f f e r e n t  and i m p o r t a n t  f u n c t i o n s  (for r e v i e w  see 
B e r r i d g e ,  1984).
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The first r e p o r t  of m u s c a r i n i c  s t i m u l a t i o n  of
PI m e t a b o l i s m  in the b r a i n  was m a d e  by H o k i n  and H o k i n
3 2
(1955), w h o  f o l l o w e d  the i n c o r p o r a t i o n  of P into PI 
and p h o s p h a t i d i c  ac id (PA) as a m e a s u r e  of th eir 
t u r n o v e r ,  and f oun d that this was e n h a n c e d  by m A C h R  
s t i m u l a t i o n .  The l a b i l e  PI pool has b e e n  sh o w n  to be 
l o c a t e d  in p l a s m a  m e m b r a n e  a s s o c i a t e d  w i t h  n e r v e  e nd i n g s  
(Lunt  and P i c k a r d ,  1975) and in n e u r o n s  r a t h e r  than glia 
( F i s h e r  et_ a_l. , 1981).
PI is a lso  u n i q u e  a m o n g  p h o s p h o l i p i d s  in that 
it can be fu r t h e r  p h o s p h o r y l a t e d  to give  
p h o s p h a t i d y 1 i n o s i t o l  4 - p h o s p h a t e  (PIP) and 
p h o s p h a t i d y 1 i n o s i t o l  4 , 5 - d i p h o s p h a t e  (PIP^)* T h e s e  
l i p i d s  ha ve  bee n found to form a h i g h  p r o p o r t i o n  of 
p h o s p h o i n o s i t i d e s  in n e u r a l  ti s s u e s  ( H a u s e r  and 
E i c h b e r g ,  1973) and are l a r g e l y  p r e s e n t  in the p l a s m a  
m e m b r a n e  ( E i c h b e r g  and H a u s e r ,  1973).
The i m p o r t a n c e  of th es e  p o l y p h o s p h o i n o s i t i d e s  
and p a r t i c u l a r l y  of P I P ^  w as  s h o w n  by M i c h e l l  £ £  a l . 
(1 981 ) w h o  s h o w e d  that, in h e p a t o c y t e s  s t i m u l a t e d  by 
v a s o p r e s s i n ,  d e c r e a s e s  in P IP ^  p r e c e d e  c h a n g e s  in PI.
The p r i m a r y  r e c e p t o r  s t i m u l a t e d  e v e n t  is then the 
h y d r o l y s i s  of P l P ^ t o  y i e l d  s_n-1 , 2 - d i a c y g l y c e r o l  (DAG) 
and i n o s i t o l - 1 , 4 , 5 - t r i s p h o s p h a t e  (IP^). Th is has be e n  
c o n f i r m e d  by ( am o n g  o t h e r s )  B e r r i d g e  (1983) and B e r r i d g e  
et al (1984), w o r k i n g  w i t h  the s a l i v a r y  g l a n d  of the 
b l o w f l y  (C a l l i p h o r a ), w h o  h a v e  s h o w n  that IP^ is 
p r o d u c e d  i m m e d i a t e l y  on s t i m u l a t i o n  w h e r e a s  the
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f o r m a t i o n  of IP, the e x p e c t e d  p r o d u c t  for the h y d r o l y s i s
of PI, and the p h y s i o l o g i c a l  r e s p o n s e  are de la ye d . The
s u b s e q u e n t  m o d e l  is p o r t r a y e d  in Fig. 6 .
T he  two p r o d u c t s  of the h y d r o l y s i s  of P I P^  are
b o t h  t h o u g h t  to act as s e c o n d  m e s s e n g e r s .  I P q has b ee n
2 +
sh ow n  to r e l e a s e  Ca from i n t r a c e l l u l a r  st ores, t h o u g h t
to be part of the e n d o p l a s m i c  r e t i c u l u m  (for r e v i e w  see
B e r r i d g e  and Irvi ne , 1984).
DAG is t h o u g h t  to r e m a i n  in the m e m b r a n e  and
has b een  sh o w n  to a c t i v a t e  p r o t e i n  k i n a s e  C. P r o t e i n
2 +
k i n a s e  C is not a c t i v a t e d  by Ca - c a l m o d u l i n  or cAMP,
nor does it, in ge n er a l ,  c a t a l y s e  the p h o s p h o r y l a t i o n  of
the same s u b s t r a t e  p r o t e i n s  as th o s e that are
p h o s p h o r y l a t e d  by ot her  k i n a s e s  (B e rr i d g e ,  1984).
Th e h y d r o l y s i s  of PI P£  i-s c a t a l y z e d  by a
s p e c i f i c  p h o s p h o l i p a s e - C  ( r e f e r r e d  to by m a n y  w o r k e r s  as
a p h o s p h o d i e s t e r a s e ) ,  h o w  this is l i n k e d  to the r e c e p t o r
has not b e e n  fu ll y  d e m o n s t r a t e d  but th e r e  is e v i d e n c e
that i n d i c a t e s  that an N - p r o t e i n  m a y  be i n v o l v e d  w h i c h
se ems to be n e i t h e r  N. nor N ( C o c k c r o f t  and G o m p e r t s ,
i s




Figure 6. Model proposed for the propagation and action of the 
second messengers derived from Ptdlns.
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- A C h R in the I n s e c t  C NS-
1.6
A c e t y l c h o l i n e  (ACh) is k n o w n  to be an 
i m p o r t a n t  n e u r o t r a n s m i t t e r  in the in sec t CNS (see 
G e r s c h e n f e l d , 1973; S a t t e l l e ,  1980; 1985 for re vi e w s ).
The e s s e n t i a l  c o m p o n e n t s  of a c h o l i n e r g i c  s y s t em  have 
b e e n  fo un d in se v e r a l  insect sp e ci e s ,  in l o c u s t s  Breer 
(1 98 1 ) has s ho w n  that le ve ls  of A Ch  and the e n z y m e s  of 
its m e t a b o l i s m ,  a c e t y l c h o l i n e s t e r a s e  and c h o l i n e  
a c e t y 1 t r a n s f e r a s e , are m u c h  h i g h e r  in the c e r e b r a l  
g a n g l i o n  of the l oc ust  than in the c e r e b r a l  c o r t e x  of 
the m o u s e .  Br ee r  (1981) als o d e m o n s t r a t e d  the p r e s e n c e  
of a h i g h  a f f i n i t y  c h o l i n e  u p t a k e  s y s t e m  in a 
p r e p a r a t i o n  of i s o l a t e d  ne r ve  t e r m i n a l s  from the 
c e r e b r a l  g a n g l i o n  of the locust.
- M i x e d  p h a r m a c o l o g y  A C h R -
1 . 6.1
R a d i o l i g a n d  b i n d i n g  a s s a ys  have been use d to 
i d e n t i f y  p u t a t i v e  a c e t y l c h o l i n e  r e c e p t o r s  (AChR). This 
t e c h n i q u e  was first used  by E l d e f r a w i  and O ' B r i e n  (1970)
o
w h o  us ed  [ H ]- m u s c a r o n e  to pr o b e  for A C h R  m  a q u e o u s  
e x t r a c t s  of h o u s e  fly (M u s c a  d o m e s tic a) heads. The 
b i n d i n g  site a p p e a r e d  to s a t i s f y  the c r i t e r i a  for a 
r e c e p t o r  b i n d i n g  site, and was i n h i b i t e d  both by l i g an d s
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t hat in v e r t e b r a t e s  are d e s i g n a t e d  as m u s c a r i n i c  in 
n a t u r e  an d by t h o s e  w h i c h  are t h o u g h t  of as n i c o t i n i c .
F o l l o w i n g  th ese  s t u d i e s  the same e x t r a c t  was 
f o u n d  to b i n d  r a d i o l a b e l l e d  n i c o t i n e ,  d e c a m e t h o n i u m ,  
d i m e t h y l  d - t u b o c u r a r i n e  an d a t r o p i n e  ( E l d e f r a w i  £j: a 1. , 
1971). The p h a r m a c o l o g i e s  of the m u s c a r o n e  an d n i c o t i n e  
b i n d i n g  si te s  w e r e  f oun d to be s i m i l a r  ( E l d e f r a w i  £t^ 
a 1 . , 1970 ) a nd  so th ey w e r e  t h o u g h t  to be the same
b i n d i n g  site.
F u r t h e r  w o r k  by D o n n e l l a n  e_t al^. (1975 ) s h o w e d  
that p r o t e o l i p i d s  e x t r a c t e d  fr om  a h i g h  s p e e d  
s u p e r n a t a n t  f r o m  M u s c a  d om e s t ica h e a d s  b o u n d  
r a d i o l a b e l l e d  d e c a m e t h o n i u m , t u b o c u r a r i n e  an d ACh. W h e n  
t h e s e  p r o t e i n s  w e r e  e l u t e d  fro m S e p h a d e x  L H - 2 0  c o l u m n s  
w i t h  c h l o r o f o r m :  m e t h a n o l  the b i n d i n g  si te s for the 
t h r e e  r a d i o l i g a n d s  w e r e  e l u t e d  w i t h  the same r e t e n t i o n  
time. T h i s  b i n d i n g  site did not b i nd
[ H ] a c e t y l - o c b u n g a r o t o x i n ,  the c l a s s i c a l  l i g a n d  for 
v e r t e b r a t e  p e r i p h e r a l  nAChR, n or  was the b i n d i n g  of the 
o t h e r  r a d i o l a b e l s  i n h i b i t e d  by otbunga r o t ox in . Th i s 
e s t a b l i s h e d  that this b i n d i n g  p r o t e i n  had a u n i q u e  
p h a r m a c o l o g y  a n d  r e s e m b l e d  a p u t a t i v e  A C h R  of a no v e l  
type.
T h i s  p u t a t i v e  r e c e p t o r  has b e e n  f u r t h e r  
c h a r a c t e r i s e d  as a g l y c o p r o t e i n  c o m p l e x  r u n n i n g  on gel 
p e r m e a t i o n  c o l u m n s  w i t h  a m o l e c u l a r  w e i g h t  of 
a p p r o x i m a t e l y  350 K and an i s o e l e c t r i c  p o i n t  b e t w e e n  4.8 
a n d  5.0 (for r e v i e w  see S a t t e l l e ,  1980).
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T h i s  b i n d i n g  site is u n u s u a l  bo th  for its 
no v e l  p h a r m a c o l o g y  and b e c a u s e  it seems to be s o l u b l e  in 
a q u e o u s  m e d i a .  S i n c e  the time that [ H ]d e c a m e t h o n i u m ,  
the m o s t  s p e c i f i c  l i g a n d  for this p u t a t i v e  r e c e p t o r ,  
c e a s e d  to be c o m m e r c i a l l y  a v a i l a b l e  the s tud y of this 
b i n d i n g  p r o t e i n  has lap s ed .  The r e a d y  s o l u b l i s a t i o n  of 
the p r o t e i n  w i t h o u t  the d e t e r g e n t s  u s u a l l y  r e q u i r e d  for 
r e c e p t o r s  m a y  h a v e  cast some doubt on its true st a tu s  as 
a n e u r o t r a n s m i t t e r  r e c e p t o r .  At one time it s e e m e d  that 
a m i x e d  p h a r m a c o l o g y  A C h R  m i g h t  be an e v o l u t i o n a r i 1y 
p r i m i t i v e  cl a s s  of AC hR , r e s e m b l i n g  an a n c e s t r a l  A C h R  
from w h i c h  the n A C h R  a nd m A C h R  ha d d i v e r g e d  
e v o 1 u t i o n a r i 1 y . T h i s n o w  seems to be u n l i k e l y  s i n c e  the 
p u b l i c a t i o n  of a m i n o  a c i d  s e q u e n c e s  for v e r t e b r a t e  n A C h R  
(Noda ^_t al_. , 1983 ) and m A C h R  (Kubo e_t a_l. , 19 86 a )  w h i c h
do not sh ow  any s i g n i f i c a n t  h o m o l o g y .  Th is  s u g g e s t s  that 
they r e p r e s e n t  an e x a m p l e  of s e p a r a t e  or ev e n  c o n v e r g e n t  
e v o l u t i o n  of d i f f e r e n t  l i n e a g e s ,  but r e s p o n d i n g  to the 
same p h y s i o l o g i c a l  s t i m u l u s .
- N i c o t i n i c  A C h R -
1 .6.2
The m i x e d  p h a r m a c o l o g y  A C h R  was s h o w n  not to
b i n d  the n i c o t i n i c  a n t a g o n i s t  ctbungar ot ox in ( M a n s o u r  e t
12 5
a l . , 1977 ). H o w e v e r  the i o d i n a t e d  t o x i n  ( I-ocBgTx) was
s h o w n  to b i n d  to a site in the p a r t i c u l a t e  f r a c t i o n  of
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h e a d s  fr om  the frui t fly (D r o s o p h i l a  m e l a n o g a s t e r )  but 
not to the s u p e r n a t a n t  w h e r e  the m i x e d  p h a r m a c o l o g y  A C h R  
has b e e n  f o u n d  (S c h m i d  t-Niel s en et^ al_. , 1977 ). T hi s
i n d i c a t e d  that t h e r e  was al s o  a n A C h R  in the in se c t  
n e r v o u s  s y s t e m  s i m i l a r  to that fo und  in the v e r t e b r a t e  
n e u r o m u s c u l a r  j u n c t i o n .
12 5
T he  p h a r m a c o l o g y  of a [ l]ctBgTx b i n d i n g  site 
has b e e n  i n v e s t i g a t e d  in se v e r a l  i n s ec t  spe ci e s,  and 
c o r r e l a t e d  wj.th the p h a r m a c o l o g y  of A C h  g a t e d  ion 
c h a n n e l s  in the c o c k r o a c h  CNS ( S a t t e l l e ,  1985). T h e s e  
s t u d i e s  se e m to c o n f i r m  that it is a n A C h R  s i m i l a r  to 
that f o u n d  at the v e r t e b r a t e  n e u r o m u s c u l a r  j u n c t i o n  and 
so the p u r i f i c a t i o n  m e t h o d s  a p p l i e d  to the n A C h R s  from 
v e r t e b r a t e s  h a v e  be en  a p p l i e d  to i n se ct  tissu es.  Th e  
p u r i f i c a t i o n  t e c h n i q u e s  i n v o l v e  a f f i n i t y  c h r o m a t o g r a p h y  
u s i n g  s n a k e  v e n o m  toxin s l i n k e d  to gel s u p p o r t s .  S e v e r a l  
g r o u p s  h a v e  r e p o r t e d  d e g r e e s  of p u r i f i c a t i o n  of the 
n A C h R  fr o m  i n s e c t s  but s u b s e q u e n t  d e n a t u r i n g  gel 
e l e c t r o p h o r e s i s  has n e i t h e r  g i v e n  the same p a t t e r n  of 
s u b u n i t s  f o u n d  in v e r t e b r a t e  t i s s u e s  nor a c o n s i s t e n t  
p a t t e r n  a m o n g  the in se ct s pe c i e s  (for r e v i e w s  see 
S a t t e l l e ,  1985 ; Lunt, 1986). For e x a m p l e  B r e e r  ^_t a l . 
(198 4) r e p o r t e d  that the o c b u n g a r o t o x i n - b i n d i n g  c o m p o n e n t  
from c e r e b r a l  g a n g l i a  of L o c u s  ta m i g r a  t or ia has a s i n g l e  
s u b u n i t  of 65 K. In c o n t r a s t  M a c a l l a n  and L u n t  (1986) 
o b s e r v e  four p o s s i b l e  s u b u n i t s  in a p r e p a r a t i o n  from the 
c e r e b r a l  g a n g l i a  of S c h i s t o c e r c a  g r e g a r i a , and ha v e  
sh o w n  that the i r r e v e r s i b l e  n i c o t i n i c  l i g a n d
- 2 4 -
3
4 - ( N - m a l e i m i d e  )-[ H ]b e n z y l t r i m e t h y l a m m o n i u m  bi n d s  to a 
p r o t e i n  of 49 K.
T h i s  has lead to some d i s p u t e  a bo ut the 
s i m i l a r i t y  of the r e c e p t o r  to that of the v e r t e b r a t e ,  
B r e e r  ^_t al_. , (1985 ) have s u g g e s t e d  that the n A C h R  in
the i n s e c t  is a h o m o o l i g o m e r  of 65 K s ub u n i t s ,  and 
p r o p o s e  that it m a y  be an e v o l u t i o n a r i l y  p r i m i t i v e  form 
of the nACh R,  r e s e m b l i n g  the a n c e s t r a l  gene from w h i c h  
the four s u b u n i t s  of the v e r t e b r a t e  nAChR , w h i c h  are all 
h o m o l o g o u s ,  h a v e  e v o l v e d  (but see Lu nt , 1986).
T h e r e  a l s o  seem to be some n A C h R  w h i c h  are not 
(xbungarotox in s e n s i t i v e ,  t he se h a v e  b e e n  i d e n t i f i e d  
e l e c t r o p h y s i o l o g i c a l l y  by G o o d m a n  and S p i t z e r  (1979; 
1980). S i m i l a r  r e c e p t o r s  are k n o w n  in the v e r t e b r a t e  CNS 
that b i n d  n i c o t i n e  and o the r c h o l i n e r g i c  l i g a n d s  but not 
^Cbu nga ro to x in (for r e v i e w  see W o n n a c o t t ,  in pr es s) .
- M u s c a r i n i c  A C h R -
1.6.3
The p r e s e n c e  of a m A C h R  in the in s ec t  CNS has
b e e n  e s t a b l i s h e d  by the b i n d i n g  of the r a d i o l a b e l l e d
3
l i g a n d  t r i t i a t e d  q u i n u c l i d i n y l b e n z i l a t e  ([ H ] Q N B ) .
3
[ H ] Q N B  b i n d i n g  has b ee n  sh o w n in the p a r t i c u l a t e  
f r a c t i o n s  of n e u r a l  t i s s u e s  from m a n y  in se cts , i n c l u d i n g  
f r u i t f l y  he a d s ( D u d a i  and Ben Barak, 1977 ; H a i m  £_t a l . ,
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1979), h o u s e f l y  h e a d s  (Jones and S u m i k a v a ,  1981; S h a k e r  
and E l d e f r a w i ,  1981) , c o c k r o a c h  v e n t r a l  n e r v e  cords  
(Lumrais and S a t t e l l e ,  1985), the t e r m i n a l  a b d o m i n a l  
g a n g l i o n  from a c r i c k e t  (Meyer  and E d w a r d s ,  1980; M e y e r  
and Reddy , 1985) a nd s u p r a o e s o p h a g e a l  g a n g l i a  from two 
d i f f e r e n t  s p e c i e s  of locust, (Breer, 1981; A g u i l a r  and 
L unt , 1984). Th e d a t a from w h i c h  are s h ow n  in T a b l e  1.
In all ca se s  b i n d i n g  i n c r e a s e d  w i t h  t i s su e  
c o n c e n t r a t i o n  and w a s s h o w n  to be s a t u r a b l e .  M o s t  
w o r k e r s  r e p o r t e d  a s i n g l e  class of si tes of h i g h  
a f f i n i t y  (i.e. in the n a n o m o l a r  r ang e).  H o w e v e r  A g u i l a r  
and L u n t  (1984) h a v e  r e p o r t e d  a low a f f i n i t y  b i n d i n g  
site (Kp 37.7 nM) in a d d i t i o n  to a h i g h  a f f i n i t y  b i n d i n g  
site (K^ 0.76 n M ), w h i c h  is c o m p a r a b l e  to t h o s e  o b s e r v e d  
by the ot h e r w o r k e r s .  It is i n t e r e s t i n g  to no te that 
M e y e r  and R e d d y  (1985) w h o  c a l c u l a t e d  the h i g h e s t  
r e p o r t e d  for a s i n g l e  cl a s s  of site m e n t i o n  some 
e v i d e n c e  of h e t e r o g e n e o u s  b i n d i n g  and that th e ir  fig u r es  
are c l o s e  to that that A g u i l a r  and L u n t  c a l c u l a t e d  if 
they a s s u m e d  a s i n g l e  c la s s  of site.
In all th o s e  p r e p a r a t i o n s  in w h i c h  the 
c o n c e n t r a t i o n  of n A C h R  an d m A C h R  h a v e  bo t h  b ee n  
d e t e r m i n e d  it has b e e n  fo un d  that the c o n c e n t r a t i o n  of 
n A C h R  is ab o u t  an o r d e r  of m a g n i t u d e  g r e a t e r  than  that 
of m A C h R ,  this s i t u a t i o n  is the r e v e r s e  of that fo un d in 
the v e r t e b r a t e  br a i n  w h e r e  the m A C h R  o u t n u m b e r  the 
b i n d i n g  sites for ooJBgTx by a s i m i l a r  r a t i o  ( Y a m a m u r a  and 
S n y d e r , 1974 ) .








Drosophila melanogaster Whole head 2 - 0.08 Dudai and Ben-Barak (1977)
Drosophila melanogaster Whole head 0.7 0.15 0. 065 Haim et al. (1979)
Acheta domesticus Abdominal ganglion 5.9 - - Meyer and Edwards (1980)
Locusta migratoria Cerebral ganglion 0.77 0.45 0.165 Breer (1981)
Musca domestica Whole head 2.4 2.76 0.04 Shaker and Eldefrawi (1981)






Aguilar and Lunt (1984)
Periplaneta americana Nerve cord 8.0 1.9 0.138 Lummis and Sattelle (1985)
Acheta domesticus Abdominal ganglion 9.9 4.2 1.9 Meyer and Reddy (1985)
Table 1. QNB binding sites reported in insect neural tissues.
* Aguilar and Lunt (1984) reported two classes of binding sites, the values are given for this two site analysis
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The s t u d y  of the b i o c h e m i s t r y  of the m A C h R  in
the i n s e c t  CNS has, for the m o s t  part, be e n  l i m i t e d  to
e s t a b l i s h i n g  the p r e s e n c e  of b i n d i n g  site s for
r a d i o l a b e l l e d  a n t a g o n i s t s  and a s u r v e y  of the
p h a r m a c o l o g y  of the b i n d i n g  site, to e s t a b l i s h  the
i d e n t i t y  of the b i n d i n g  site as a m A C h R .  S h a k e r  and
E l d e f r a w i  (1981 ) i n c l u d e d  a s tu d y  on the a c a r i c i d e
c h i o r o b e n z i l a t e , and some d i s u l p h i d e  bo nd or thiol
m o d i f y i n g  r e a g e n t s ,  w h i c h  s h o w e d  no gr e a t  d i f f e r e n c e s
b e t w e e n  h o u s e  fly and v e r e b r a t e  b r a i n  m A C h R s .  J o n e s  and
3
S u m i k a w a  (1981) n o t e d  i n h i b i t i o n  of [ H ] Q N B  by a w i d e
r a n g e  of c o m p o u n d s  and s h o w e d  that the r e s p o n s e s  w e r e
m o s t l y  r a t h e r  s i m i l a r  to those in the rat b r a i n  e x c e p t  
3
that the [ H ] Q N B  b i n d i n g  in the h o u s e  fly was r a t h e r  
m o r e  s t ab l e in some cases.
L u m m i s  ji_t a_l. (1984) h a v e  e s t i m a t e d  the size 
of the r e c e p t o r  to be 77.6 K by r a d i a t i o n  i n a c t i v a t i o n  
t a r g e t  size a n a l y s i s .  Th is fi gu r e  is w i t h i n  the r a n g e  of 
m o l e c u l a r  w e i g h t s  c a l c u l a t e d  for a w i d e  r a n g e  of 
v e r t e b r a t e s  (Hoss and El l i s,  1985).
The m A C h R  in in s e c t s  has b e e n  s t u d i e d  r a t h e r  
less t h o r o u g h l y  than  the nAChR, this is p a r t l y  due to 
the l o w e r  c o n c e n t r a t i o n s  found, and p a r t l y  b e c a u s e  it 
has not been p o s s i b l e  to i d e n t i f y  a m u s c a r i n i c  s y n a p s e
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by e l e c t r o p h y s i o l o g y .  I n d e e d  for some time the m A C h R  in 
i n s e ct s  was a b i n d i n g  site w i t h o u t  a fu n c ti on ,  in a 
s i m i l a r  w a y  to the m i x e d  p h a r m a c o l o g y  re c e p t o r .  E a r l y  
r e p o r t s  that a t r o p i n e  c a u s e d  b l o c k a d e  of c h o l i n e r g i c  
t r a n s m i s s i o n  (Cal le c, 1974) used c o n c e n t r a t i o n s  ( 0. 1 - 1 . 0  
m M ) that w e r e  s u b s e q u e n t l y  show n to be ab o ve  t hos e  
r e q u i r e d  to b l o c k  r a d i o l i g a n d  b i n d i n g  to n A C h R  (K^ 2.0 x 
10 M). M o r e  r e c e n t  s t u d i e s  u s i n g  i m p r o v e d
e l e c t r o p h y s i o l o g i c a l  t e c h n i q u e s  ha v e  s ho w n  that l owe r  
c o n c e n t r a t i o n s  of m u s c a r i n i c  a n t a g o n i s t s  are i n e f f e c t i v e  
at b l o c k i n g  c h o l i n e r g i c  t r a n s m i s s i o n  in the c o c k r o a c h  
v e n t r a l  n e r v e  c ord  ( S a t t e l l e  et_ al. , 1983).
The only e l e c t r o p h y s i o l o g i c a l  e v i d e n c e  for a 
f u n c t i o n a l  role for the m A C h R  is at the n e u r o m u s c u l a r  
j u n c t i o n  on the e x t e n s o r  t i bi a e m u s c l e  of the 
m e t a t h o r a c i c  leg of Sc h i s  t o c e r c a  g r e g a r  ia ( F u l t o n  and 
U s h e r w o o d ,  1977; Fu l t o n ,  1982). A Ch  was f oun d to h a ve  
two e f f e c t s ,  an i ni t i a l  s u r g e  in the f r e q u e n c y  of 
m i n i a t u r e  e x c i t a t o r y  p o s t - s y n a p t i c  p o t e n t i a l s ,  w h i c h  was 
of short  d u r a t i o n ,  f o l l o w e d  by a s l ow e r i n c r e a s e  in 
f r e q u e n c y  l a s t i n g  s e v e r a l  m i n u t e s .  F u l t o n  (1982) found  
that the i ni t ia l  s u r g e  in f r e q u e n c y  was i n d u c e d  by 
n i c o t i n e  and b l o c k e d  by t u b o c u r a r i n e  and thus a s s i g n e d  
it a n i c o t i n i c  r e s p o n s e ,  h o w e v e r  the s l o w e r  m o r e  
p r o l o n g e d  i n c r e a s e  in f r e q u e n c y  was m i m i c k e d  by the 
a p p l i c a t i o n  of a c e t y 1 - S - m e t h y l  ch ol in e, a s p e c i f i c  
m u s c a r i n i c  a g on i s t ,  but not by n i c o t i n e ,  nor was the 
ef fe c t  b l o c k e d  by t u b o c u r a r i n e .  T h e s e  e f f e c t s  w e r e
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c a l c i u m  d e p e n d e n t  and F u l t o n  (1982) c o n s i d e r e d  them to 
be due to r e c e p t o r s  p r e s y n a p t i c  to the n e u r o m u s c u l a r  
j unc t i o n .
A n o t h e r  f u n c t i o n a l  role for the m A C h R  in the
i n s e c t  CNS has b e e n  d e s c r i b e d  by B r e e r  and K n i p p e r
(1984). B r e e r  and J e s e r i c h  (1980) had p r e v i o u s l y
d e s c r i b e d  the p r e p a r a t i o n  of i nse ct s y n a p t o s o m e s
( p i n c h e d  off n e r v e  t e r m i n a l s ) ,  an d th e i r u p t a k e  of 
3
[ H ] - c h o l i n e  has b e e n  d e s c r i b e d  (Breer, 1982). B r e e r  and 
K n i p p e r  (1984) s t u d i e d  the r e l e a s e  of a c e t y l c h o l i n e  from 
a s y n a p t o s o m a l  p r e p a r a t i o n .  It was  f ou nd that m u s c a r i n i c  
dr u g s  m o d u l a t e d  the r e l e a s e  of a c e t y l c h o l i n e  that was 
s t i m u l a t e d  by 35 m M  K + . The a n t a g o n i s t  a t r o p i n e  
i n c r e a s e d  the r el e a se ,  w h e r e a s  the a g o n i s t  o x o t r e m o r i n e  
i n h i b i t e d  it. T h e s e  r e s u l t s  w e r e  i n t e r p r e t e d  to s u g g e s t  
the p r e s e n c e  of a p r e s y n a p t i c  a u t o r e c e p t o r  at the n e r v e  
t e r m i n a l  w i t h  a m u s c a r i n i c  p h a r m a c o l o g y ,  s i m i l a r  to that 
d e s c r i b e d  in m a m m a l i a n  b r a i n  ( N o r d s t r o m  and B a r t f a i ,
1980).
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- S e c o n d  M e s s e n g e r s  in the I n s e c t  C N S -
1 . 7
Bo th  a d e n y l a t e  c y c l a s e  and PI t u r n o v e r  ha ve  
b e e n  d e m o n s t r a t e d  in in sects. H o w e v e r  n e i t h e r  had b ee n  
s h o w n  to be c o u p l e d  to m A C h R s  at the time this p r o g r a m m e  
c o m m e n c e d .
- P h o s p h o i n o s i t i d e  m e t a b o l i s m -
1.7.1
S ome  of the i m p o r t a n t  e x p e r i m e n t s  in d e d u c i n g  
the role of PI m e t a b o l i s m  w e r e  c a r r i e d  out in insec t  
ti s s u e s  (Fain a nd  B e r r i d g e ,  1979; B e r r i d g e ,  1983; 
B e r r i d g e  ^t  j^l. , 1984).  The t i s s u e  u s e d  was the s a l i v a r y
g l a n d  of the b l o w f l y ,  and the r e s p o n s e  was e v o k e d  by
5 - h y d r o x y t r y p t a m i n e . So me a t t e m p t s  h a v e  b e en  m a d e  to 
find a n e u r o t r a n s m i t t e r - r e g u l a t e d  PI m e t a b o l i s m  in the 
i ns ec t CNS. K i l l i a n  and S c h a c h t  (1979) found 
p o l y p h o s p h o i n o s i t i d e s  in s e n s o r y  s t r u c t u r e s  of the m o t h  
A g r  o t i s y ps il o n . Y o s k i o k a  ej: al^. (1985 ), h o w e v e r ,  found  
that p h o s p h a t i d y 1 i n o s i t o l  p h o s p h o d i e s t e r a s e ,  the e n z y m e  
r e q u i r e d  for the PI r e s p o n s e ,  was  l o c a l i z e d  a l m o s t  
e n t i r e l y  to the eyes in D r o s o p h i l a  m e l a n o g a s t e r . Both 
m a n u a l  d i s s e c t i o n  a n d g e n e t i c  d i s s e c t i o n ,  u s i n g  the 
m u t a n t  sine o c u l u s , s h o w e d  that m o r e  than 90% of the 
e n z y m e  a c t i v i t y  is in the eye.
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In the m e t a t h o r a c i c  g a n g l i o n  of S c h i s t o c e r c a
g r e g a r i a  T r i m m e r  and B e r r i d g e  (1985 ) s h o w e d  that 
3
[ H ] i n o s i t o l  was i n c o r p o r a t e d  into the i n o s i t o l  
p h o s p h a t e s  a s s o c i a t e d  w i t h  s e c o n d  m e s s e n g e r  r e s p o n s e s .  
H o w e v e r  they w e r e  u n a b l e  to show any e f f e c t  on the 
c o n c e n t r a t i o n s  of thes e c o m p o u n d s  by a ra n g e  of 
n e u r o t r a n s m i t t e r s . The m u s c a r i n i c  a n t a g o n i s t  a t r o p i n e  
r e d u c e d  i n o s i t o l  p h o s p h a t e  p r o d u c t i o n  and this w as  taken  
as some e v i d e n c e  for m u s c a r i n i c  r e g u l a t i o n .  To p r o v e  
m u s c a r i n i c  c o n t r o l  r e q u i r e s  d e m o n s t r a t i o n  of a g o n i s t  
e n h a n c e d  t u r n o ve r ,  e s p e c i a l l y  as I m h o f f  and R o s s i g n o l  
(1983) ha ve  s ho wn  that a t r o p i n e  at c o n c e n t r a t i o n s  lo wer 
than that use d by T r i m m e r  and B e r r i d g e  (1985) (l Op M as 
o p p o s e d  to 120pM)  i n h i b i t s  the PI t u r n o v e r  s t i m u l a t e d  by 
OCr a d r e n e r g i c  a g o n i st s .
Ro ss  and B r a d y  (1986) f o l l o w e d  the
32 . .
i n c o r p o r a t i o n  of P into the p h o s p h o l i p i d s  of the n e r v e
cord of the c r i c k e t  A c h e t a  d o m e s t i c u s . T h e y  fo u n d that
un der  the i n f l u e n c e  of bo th  a c e t y l c h o l i n e  and the
a n t i c h o l i n e s t e r a s e  i n s e c t i c i d e  d i c h l o r v o s  the a c t i v i t y
of m o s t  p h o s p h o l i p i d s  was i n c r e a s e d ,  but not
s i g n i f i c a n t l y .  The i n t e r p r e t a t i o n  of th ei r r e s u l t s  is
d i f f i c u l t  b e c a u s e  they m e a s u r e d  only the total a c t i v i t y
in each c la ss  of p h o s p h o l i p i d  r a t h e r  than the s p e c i f i c
a c t i v i t y  so that it c a n n o t  be k n o w n  w h e t h e r  the
i n c r e a s e s  are due to i n c r e a s e d  s p e c i f i c  a c t i v i t y  or
a b s o l u t e  a m o u n t  of p h o s p h o l i p i d .
Thus a l t h o u g h  t he re is some e v i d e n c e  for a
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m u s c a r i n i c a l l y  l i n k e d  PI m e t a b o l i s m  its e x i s t e n c e  has 
not b e e n  pro v e d .
- A d e n y l a t e  c y c l a s e -
1. 7.2
A n e u r o n a l  a d e n y l a t e  c y c l a s e  has be e n s ho wn in 
m a n y  ins e ct  s p e c i e s .  It was first s how n by N a t h a n s o n  and 
G r e e n g a r d  (198 3)  in the c o c k r o a c h ,  and  has be en  
c o n f i r m e d  by m a n y  w o r k e r s  s inc e (for r e v i e w  see S m i t h  
and C o m b e s t ,  1 98 5) th es e  w o r k e r s  ha v e c o n c e n t r a t e d  on 
the s t i m u l a t i o n  of a d e n y l a t e  c y c l a s e  by o c t o p a m i n e .  This  
has b e e n  s ho w n  in Sc h is  t o c e r c a  g r e g a r  ia c e r e b r a l  g a n g l i a  
by M o r t o n  (1984), w h o  f oun d that s ev e ra l  p u t a t i v e  
m o n o a m i n e  n e u r o t r a n s m i t t e r s  s t i m u l a t e d  a d e n y l a t e  c y c l a s e  
a c t i v i t y .
S u t e r  (1 98 6)  has t e s t e d  a r an g e  of 
n e u r o t r a n s m i t t e r s  for e f f e c t s  on the a d e n y l a t e  c y c l a s e  
from  the t h o r a c i c  g a n g l i o n  of S c h i s t o c e r c a  g r e g a r  i a , h e 
f o u n d  that a c e t y l c h o l i n e  had  no s i g n i f i c a n t  e f f e c t  on 
a d e n y l a t e  c y c l a s e  a c t i v i t y .  The i n c u b a t i o n  c o n d i t i o n s  
u s e d  did not i n c l u d e  any sodium, and w h e r e a s  s t i m u l a t i o n  
of a d e n y l a t e  c y c l a s e  a c t i v i t y  is not s o d i u m  d e p e n d e n t  
the m u s c a r i n i c  d o w n r  e g u l a t  ion is (Jak obs  et_ &1_. , 1979 ).
T hu s  it is not k n o w n  w h e t h e r  in s ec t  ti s s u e s  p o s s e s s  a 
m u s c a r i n i c a l l y  r e g u l a t e d  a d e n y l a t e  cy clase.
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-W h a t  n e x t ?-
1 . 8
It was a g a i n s t  this b a c k g r o u n d  of a 
c o m p a r a t i v e  l a c k  of i n f o r m a t i o n  c o n c e r n i n g  the 
n e u r o c h e m i s t r y  of the i n s e c t s  that this s t u d y  was  
c o m m e n c e d .  The b u l k  of this w o r k  is c o n c e r n e d  w i t h  the 
m u s c a r i n i c  a c e t y l c h o l i n e  r e c e p t o r  of the d e s e r t  l o c u s t  
S c h i s t o c e r c a  g r e g a r i a ,  the s e c o n d  m e s s e n g e r s  to w h i c h  it 
is c o u p l e d  and its i n t e r a c t i o n  w i t h  the m e m b r a n e .
C H A P T E R  2. 
G E N E R A L  M E T H O D S
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- T i s s u e  P r e p a r a t  i o n -
2.0
All e x p e r i m e n t s  w e r e  c a r r i e d  out u s i n g  the 
s u p r a o e s o p h a g e a l  g a n g l i o n  from the a d u l t  d e s e r t  l o cu s t  
S c h i s t o c e r c a  g r e g a r  i a , s u p p l i e d  by L a r u j o n  ltd., C o l w y n  
B a y .
L o c u s t s  w e r e  a n a e s t h e t i s e d  w i t h  c a r b o n  d i o x i d e  
b e f o r e  b e i n g  d e c a p i t a t e d .  Th e a n t e r i o r  p o r t i o n  of the 
cu ti c l e ,  f ro m  a b o v e  the l a b i u m  t h r o u g h  the e yes  was 
s h a v e d  off w i t h  a s c a l p e l  to e x p o s e  the s u p r a o e s o p h a g e a l  
g a n g l i o n .  The g a n g l i o n  was f re ed from its c o n n e c t i o n s  to 
the eyes a nd  the v e n t r a l  n e r v e  cord, a n d  l i f t e d  out w i t h  
D u m o n t  w a t c h - m a k e r s  f or cep s.
One h u n d r e d  g a n g l i a  h a v e  a w et  w e i g h t  of 
a p p r o x i m a t e l y  250mg.
- P r e p a r a  t ion o f a_ !P m e m b r a n e  f rac t ion f r o m l o c u s t- 
- s u p r a o e s o p h a g e a l  g a n g l i a -
2.1
T his  p r o c e d u r e  is b a s e d  on that of F i l b i n  et^ 
a 1 . (1984). G a n g l i a  w e r e  h o m o g e n i s e d  in 10 ml of b u f f e r
(50 m M  s o d i u m  p h o s p h a t e ,  pH 7.2, w i t h  2 m M  E D T A ) ,  for 
e v e r y  100 g a n g l i a ,  in a m o t o r  d r i v e n  P o t t e r - E l v e j h e m  
h o m o g e n i s e r  w i t h  a 'Teflon' p e s t l e  and a r a d i a l  
c l e a r a n c e  of 0.15 mm. F o r t y  s t r o k e s  w e r e  m a d e  at
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500 rpm.
A low s p e e d  c e n t r i f u g a t i o n  (500 x g, 10 m i n . , 
4°C) p r o d u c e d  a n u c l e a r  p e l l e t  and a s u p e r n a t a n t
(S^). The p e l l e t  was r e s u s p e n d e d  in 5 ml of b u f f e r  and 
r e c e n t r i f u g e d  (500 x g, 10 min., 4°C). The c o m b i n e d  
s u p e r n a t a n t s  w e r e  s t r a i n e d  t h r o u g h  n y l o n  b o l t i n g  cl ot h  
(159 pm m e s h )  b e f o r e  a h i g h  sp ee d  c e n t r i f u g a t i o n  
( 1 0 0 , 0 0 0  x g, 4 0 m i n . ,  4 C ) this p r o d u c e d  a m e m b r a n e  
p e l l e t  an(* a s u p e r n a t a n t  (S^).
3
-[ H ]- Q u i n u c 1 i d i n y 1 b e n z i l a t e  b i n d i n g  a s s a y -
2.2
3
d - 1 - Q u i n u c l id in yl  [ p h e n y l - 4 -  H ] b e n z i l a t e
3
([ H ] Q N B )  was o b t a i n e d  from A m e r s h a m  I n t e r n a t i o n a l  at an 
a c t i v i t y  of 3 0 - 6 0  C i . m m o l  ^ .
The m e m b r a n e  p e l l e t  was r e s u s p e n d e d  in 
b u f f e r  w i t h  a h a n d - h e l d  h o m o g e n i s e r  so that the ti ss u e  
from 100 l o c u s t s  was h o m o g e n e o u s l y  d i s t r i b u t e d  in 20 ml 
of b u f f e r .
U n l e s s  o t h e r w i s e  s p e c i f i e d  p o r t i o n s  (500p l)
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w e r e  i n c u b a t e d  at 25 C in the p r e s e n c e  of 2nM [ H ] Q N B  to
a ss e s s  total b i n d i n g .  In or de r to e s t i m a t e  that p o r t i o n
of the b i n d i n g  that does not r e s u l t  from i n t e r a c t i o n s
w i t h  the m u s c a r i n i c  a c e t y l c h o l i n e  r e c e p t o r  b i n d i n g  was
m e a s u r e d  in the p r e s e n c e  of O . l m M  a t r o p i n e .
It h ad  p r e v i o u s l y  b ee n  sh o w n that the b i n d i n g
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3
of [ H ] Q N B  r e a c h e s  e q u i l i b r i u m  a ft e r  1 h. ( A g u i l a r  &
'i
Lunt, 1984). A f t e r  this time the [ H ] Q N B  b o u n d  to the
m e m b r a n e  was s e p a r a t e d  from that in s o l u t i o n  by
f i l t r a t i o n  t h r o u g h  glass fibre fi lt e r s ( W h a t m a n  GFB)
un der  r e d u c e d  p r e s s u r e  ( M i l l i p o r e  12 f il ter  m a n i f o l d ) .
3
An y f u r t h e r  free [ H ] Q N B  was w a s h e d  t h r o u g h  w i t h  two 
w a s h e s  of 5 ml i c e - c o l d  buffer.
Th e fi lt e r s w e r e  then o v e n - d r i e d  (110°C,
15 m i n )  and p l a c e d  in p l a s t i c  s c i n t i l l a t i o n  v ia l s  w i t h  5 
ml of s c i n t i l l a n t  (0.5% PP O in to luene, w/v). The 
a c t i v i t y  of the sa m p l e s  was d e t e r m i n e d  by l i q u i d  
s c i n t i l l a t i o n  c o u n t i n g  in a L K B  1217 R a c k b e t a  l i q id
s c i n t i l l a t i o n  cou nt e r.  The c o u n t i n g  e f f i c i e n c y  for
3 . 3
[ H ] Q N B  was 37% (us i ng  the pr e s e t  H w i n d o w )  and
q u e n c h i n g  was found to be c o n s t a n t  by e x t e r n a l  s t a n d a r d s
ratio, e n a b l i n g  the b o u n d  label to be d e t e r m i n e d  from
c o m p a r i s o n  w i t h  a k n o w n  a m m o u n t  of [ H ] Q N B  c o u n t e d  in
p ar a l l e l .
C H A P T E R  3. 
M E M B R A N E  L I P I D  A N A L Y S I S
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- E x t r a c t i o n  of the l i p i d s  f rom l o c u s t  P ^ -
3.1
The f r o m  1 0 0 - 1 5 0  l o c u s t  g a n g l i a  was 
p r e p a r e d  as d e s c r i b e d ,  but not r e s u s p e n d e d  in buffer.  
I n s t e a d  it was s c r a p e d  from the u l t r a c e n t r i f u g e  tubes, 
any r e m a i n i n g  b e i n g  w a s h e d  out in the m i n i m u m  p o s s i b l e  
d i s t i l l e d  w a t e r ,  to a v o i d  the p r e s e n c e  of i n o r g a n i c  
p h o s p h a t e  and EDTA, w h i c h  m i g h t  h a v e  i n t e r f e r e d  w i t h  the 
l i p i d  e x t r a c t i o n  or p h o s p h a t e  assay.
The f o l l o w i n g  m e t h o d  is b a s e d  on the l i p i d  
e x t r a c t i o n  d e v e l o p e d  by F o l c h  e_t a_l. ( 1957 ) u s i n g  the 
m o d i f i c a t i o n s  d e s c r i b e d  by V e e r k a m p  a n d  B r o e k h u y s e  
(1976). All s o l v e n t s  w e r e  r e d i s t i l l e d  b e f o r e  use and all 
s t a g e s  w e r e  p e r f o r m e d  on ice to r e d u c e  o x i d a t i o n  of the 
l i p i d s .
The s a m p l e  w a s  h o m o g e n i s e d  in ten v o l u m e s  of 
C H C I ^ j C H ^ O H  (1:1, by v o l u m e )  t hen an equal v o l u m e  of 
C H C 1 ^ : C H ^ 0 H  (3:1, by v o l u m e )  was a d d e d  and the m i x t u r e  
h o m o g e n i s e d  again. P r e c i p i t a t e d  p r o t e i n  was r e m o v e d  by 
c e n t r i f u g a t i o n  (500 xg, 5 m i n . ) .  The s u p e r n a t a n t  was 
r e t a i n e d  and the p e l l e t  was r e s u s p e n d e d  in 3 ml of 
C H C 1 ^ : C H ^ 0 H  (2:1, by v o l u m e )  and r e c e n t r i f u g e d  (500 xg, 
5 m i n  )
The c o m b i n e d  s u p e r n a t a n t s  w e r e  s h a k e n  w i t h  0.2 
v o l u m e s  of 0.1 M M g C ^ t a q . ) .  The p h a s e s  w e r e  s e p a r a t e d  
by c e n t r i f u g a t i o n  and the u p p e r  p h a s e  r e m o v e d  by 
a s p i r a t i o n .  The i n t e r f a c e  was w a s h e d  w i t h  2 x 2  ml
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'Folch u p p e r  phas e *  ( C H C 1 3 : C H 3 OH: 0 . l M . M g C l 2 ( a q . ); 
3 : 4 8 : 4 7 ;  by v o l u m e ) .  T h e  l o w e r  p h a s e  was then 
c o n c e n t r a t e d  on a r o t a r y  e v a p o r a t o r ,  f i t t e d  w i t h  a 
n i t r o g e n  b l e e d  for r e p r e s s u r i s i n g  to a v o i d  o x i d a t i o n  of 
the fat t y  acids. To the small v o l u m e  r e m a i n i n g  
b e n z e n e :C H 3 0H (4:1, by v o l u m e )  was a d d e d  until a 
h o m o g e n o u s  m i x t u r e  was o b t a i n e d .  T h i s  a l l o w e d  r e m o v a l  of 
the r e s i d u a l  w a t e r  by c o d i s t i l l a t i o n  on the r o t a r y  
e v a p o r a t o r .
The l i p i d s  w e r e  t hen t r a n s f e r r e d  to a s a m p l e  
b o t t l e  in 3 x 1.5 ml w a s h e s  of C H C l 3 : C H 3 OH (2:1). This 
was then e v a p o r a t e d  u n d e r  a s t r e a m  of n i t r o g e n  and the 
l i p i d s  r e d i s s o l v e d  in 2 ml b e n z e n e : C H 3 OH (4:1, by 
v o l u m e )  b e f o r e  b e i n g  s t o r e d ,  u n d e r  n i t r o g e n  at -80°C.
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“ P h o s p h o l ipid s e p a r a t i o n -
3.2
The n e u t r a l  lipi d s  w e r e  r e m o v e d  from the total 
l i p i d  e x t r a c t  o b t a i n e d  from the F o l c h  e x t r a c t i o n  by 
w a s h i n g  the dry l i p i d  film w i t h  a c e t o n e ,  n e u t r a l  lipids 
are s o l u b l e  in a c e t o n e  w h e r e a s  p h o s p h o l i p i d s  are not 
( L o v e l o c k  et_ a_l . , 19 60 ).
The d i f f e r e n t  c l a s s e s  of p h o s p h o l i p i d  w e r e  
s e p a r a t e d  by the m e t h o d  of S k i p s k i  e t a 1_. (1964). This
i n v o l v e d  s i n g l e  d i m e n s i o n  thin lay e r  c h r o m a t o g r a p h y  on 
p l a t e s  (20 cm x 20 cm) c o a t e d  w i t h  s i l i c a  gel H to a 
d e p t h  of 0.5 mm. The d e v e l o p i n g  s o l v e n t  was CHCl^:
C H^OH: CH-jCC^H: 1^0 ( 2 5 : 1 5 : 4 : 2 ,  by v o l u m e )  and was 
a l l o w e d  to e q u i l i b r a t e  w i t h  its v a p o u r  in the gla s s  tank 
for at l e ast 1 h b e f o r e  the p l a t e  was d e v e l o p e d .  The 
pl a t e s  w e r e  a c t i v a t e d  in an o v e n  at 1 0 0°C for at least
1 h b e f o r e  use. The sample, d i s s o l v e d  in two d r o p s  of 
CHCl^: C H ^ O H  (2:1, by v o l u m e ) ,  w a s  i m m e d i a t e l y  a p p l i e d  
in a 7 cm h o r i z o n t a l  band. T h i s  has to be done r a p i d l y  
b e c a u s e  r e t a i n i n g  m a x i m u m  a c t i v a t i o n  of the p l a t e  is 
e s s e n t i a l  for a good s e p a r a t i o n .  The d e v e l o p m e n t  took
2 h.
The p h o s p h o l i p i d s  w e r e  v i s u a l i s e d  by e x p o s u r e  
to i o d i n e  v a p o u r .  The bands w e r e  then s c r a p e d  o n t o  
g l a z e d  p a p e r  and the s i l i c a  t r a n s f e r r e d  to glass 
c e n t r i f u g e  tubes c o n t a i n i n g  3 ml of the d e v e l o p i n g  
sol v e n t .  P a r a l l e l  a r eas of s i l i c a  from the p l a t e  w e r e
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use d as bla n k s .  The lipids w e r e  e x t r a c t e d  by m i x i n g  the 
s i l i c a  w i t h  the s o l v e n t s  g i v e n  b e l o w  and then 
c e n t r i f u g i n g  and c o l l e c t i n g  the s o l v e n t .  The s o l v e n t s  
eraployed were:
1. 3 ml of d e v e l o p i n g  s o l v e n t .
2. 2 ml of d e v e l o p i n g  s o l v e n t .
3. 2 ml of C H 3OH.
4. 2 ml of C H 3OH: C H 3 C 0 2 H: H 2 0 (94:1:5, by
v o 1 ume ) .
The c o m b i n e d  s o l v e n t s  w e r e  c o n c e n t r a t e d  on a 
r o t a r y  e v a p o r a t o r ,  f i t t e d  w i t h  a n i t r o g e n  bleed, and the 
r e s i d u a l  w a t e r  r e m o v e d  by a d d i t i o n  of b e n z e n e : C H 3OH 
(4:1, by v o l u m e )  and f u r t h e r  e v a p o r a t i o n  as d e s c r i b e d  
p r e v i o u s l y .  The s a m p l e s  w e r e  s t o r e d  at - 8 0 ° C  u n d e r  
n i t r o g e n .
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- Q u a n t i t a t i v e  a n a l y s i s  of p h o s p h o l i p i d s -
3.3
The s a m p l e s  w e r e  e v a p o r a t e d  to d r y n e s s  o v e r  a 
b o i l i n g  w a t e r - b a t h  in b o i l i n g  tubes w i t h  an a n t i - b u m p i n g  
g r a n u l e .  F o u r  dro p s  of c o n c e n t r a t e d  s u l p h u r i c  a c i d  w e r e  
a d d e d  f o l l o w e d  by two drops of 72% p e r c h l o r i c  acid. The 
tubes w e r e  then h e a t e d  on a ' K j e l d a h l  a s h i n g  rack' until 
the m i x t u r e  was s een to be clear, c o l o u r l e s s  and 
r e f l u x i n g  on the s i des of the tubes.
The s a m p l e s  w e r e  a l l o w e d  to cool and then m a d e  
up to a v o l u m e  of 5 ml in a v o l u m e t r i c  flask. S a m p l e s  (2 
ml )  w e r e  t a ken in d u p l i c a t e ,  to a n a l y s e  the i n o r g a n i c  
p h o s p h a t e  c o n t e n t .
To the 2 ml s a m p l e s  was a d d e d  a 2 ml p o r t i o n  
of a r e a g e n t ,  of c o m p o s i t i o n :
10 ml 3 M s u l p h u r i c  a c i d  
20 ml w a t e r
10 ml 2.5% a m m o n i u m  m o l y b d a t e  
10 ml 10% a s c o r b i c  a c i d
The tubes w e r e  m i x e d  and i n c u b a t e d  in a 
s h a k i n g  w a t e r b a t h  for 90 min. at 37°C. The a b s o r b a n c e  at 
820 nm was then r e a d  and the p h o s p h a t e  c o n c e n t r a t i o n  
c a l c u l a t e d  by c o m p a r i s o n  w i t h  a s t a n d a r d  c u r v e  p r e p a r e d  
from i n o r g a n i c  p h o s p h a t e .
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- D e t e r m i n a t i o n  of the f a t t y  a c i d  c o m p o s i t i o n - 
- of m e m b r a n e  p h o s p h o l i p i d s -
3.4
- H y d r o l y s i s  of the p h o s p h o l i p i d s -
3.4.1
H y d r o l y s i s  to p r o d u c e  free f a tty a c ids was 
p e r f o r m e d  by the m e t h o d  of L o v e l o c k  e^ a^l. (1959 ). The 
s a m p l e s  of p h o s p h o l i p i d s  w e r e  d i s s o l v e d  in a m i x t u r e  of 
a q u e o u s  e t h a n o l  (50%, by v o l u m e ;  5 m l )  and p o t a s s i u m  
h y d r o x i d e  (40%; w/v; 1 m l )  and the m i x t u r e  h e a t e d  at 60°C 
for 4 h A f t e r  the m i x t u r e  h a d  c o o l e d  to r o o m  t e m p e r a t u r e  
3 ml of w a t e r  and 2 ml of 5 M s u l p h u r i c  a cid w e r e  a d d e d  
and the s o l u t i o n  t h o r o u g h l y  m i x e d .  T h e  free f a tty acids 
w e r e  then e x t r a c t e d  from the m i x t u r e  w i t h  thr e e  5 ml 
p o r t i o n s  of 4 0 - 6 0  p e t r o l e u m  ether.
The p o o l e d  p e t r o l e u m  e x t r a c t s  w e r e  then 
c o n c e n t r a t e d  on a r o t a r y  e v a p o r a t o r  a n d  d r i e d  as b e f o r e  
w i t h  a d d i t i o n  of b e n z e n e :m e t h a n o l  (4:1, by v o l u m e ) .
- M e t h y l a t i o n  of free fa tty a c i d s -
3 . 4.2
The s a m p l e s  of free f a tty a c i d s  w e r e  d i s s o l v e d  
in 5 ml of d i e t h y l  ether. A s o l u t i o n  of d i a z o m e t h a n e  in 
d i e t h y l  e t h e r  ( p r e p a r e d  from N - m e t h y 1 - N - n i t r o s o t o l u e n e -  
4 - s u l p h o n a m i d e  by the m e t h o d  of V o g e l ,  1957) was a d d e d  
d r o p w i s e  u n til the y e l l o w  c o l o u r  p e r s i s t e d ,  and the
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m i x t u r e  was a l l o w e d  to s t a n d  for 20 m i n  at r o o m  
t e m p e r a t u r e .  T h e  e x c e s s  d i a z o m e t h a n e  and the e t h e r  w e r e  
r e m o v e d  by d i s t i l l a t i o n  on a r o t a r y  e v a p o r a t o r  f i t t e d  
w i t h  a n i t r o g e n  bleed. The m e t h y l  e s t e r s  w e r e  s t o r e d  in 
b e n z e n e :m e t h a n o l  (4:1, by v o l u m e )  at -80 ° C .
- G a s - l i q u i d  c h r o m a t o g r a p h y  of- 
- f a t t y  aci d m e t h y l  e s t e r s -
3 . 4 . 3
G a s - l i q u i d  c h r o m a t o g r a p h y  (glc) of the m e t h y l  
e s t e r s  is the p r e f e r r e d  m e t h o d  of a n a l y s i n g  f a t t y  acids. 
It has a v e r y  h i g h  s e n s i t i v i t y ,  e n a b l i n g  less t han 1 pg 
of an i n d i v i d u a l  m e t h y l  e s t e r  to be d e t e c t e d  easi l y ,  
w h i l e  a l s o  s e p a r a t i n g  a c o m p l e x  m i x t u r e  of c o m p o u n d s .  
T h i s  a l l o w s  a q u a n t i t a t i v e  d e t e r m i n a t i o n  to be m a d e  of 
the c o m p o s i t i o n  of f a t t y  a c i d s  in a samp l e .
A p p a r a t u s :  The m e t h y l  e s t e r s  w e r e  a n a l y z e d
u s i n g  a Pye S e r i e s  104 gas c h r o m a t o g r a p h ,  f i t t e d  w i t h  a 
flame i o n i z a t i o n  d e t e c t o r .  The s a m p l e s  w e r e  
c h r o m a t o g r a p h e d  on eit h e r :
1. 15% (w/w) E G S S - X  on C h r o m o s o r b  W ( 1 0 0 - 1 2 0
m e s h )  p a c k e d  g l ass c o l u m n  ( 7 1 x 3 m m  i.d.). T e m p e r a t u r e
178°C. C a r r i e r  gas n i t r o g e n  40 m l / m i n .
2. 5% (w/w) A p i e z o n  L on C h r o m o s o r b  W ( 1 0 0 - 1 2 0
m e s h )  p a c k e d  glass c o l u m n  (5' x 3 m m  i.d.). T e m p e r a t u r e
200°C. C a r r i e r  gas n i t r o g e n  40 m l / m i n .
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S a m p l e s :  The s a m p l e s  w e r e  d i s s o l v e d  in 
n - h e x a n e  and a k n o w n  a m m o u n t  of m e t h y l - h e p t a d e c a n o a t e  
was a d d e d  as an i n t e r n a l  s t a n d a r d  . The s a m p l e s  w e r e  
t hen c o n c e n t r a t e d  u n d e r  a s t r e a m  of n i t r o g e n  to a v o l u m e  
of a few m i c r o l i t r e s .  A small s a m p l e  (<0.5 pi) w a s  then 
l o a d e d  o nto the c o l u m n  u s i n g  a m i c r o l i t r e  s y r i n g e .
Q u a n t i f i c a t i o n :  The m a s s  of e a c h  m e t h y l  e s t e r
p r e s e n t  was f o u n d  to be p r o p o r t i o n a l  to the a r e a  u n d e r  
the p e a k  on the r e c o r d e r  trace. The a r e a  was e s t i m a t e d  
by t r i a n g u l a t i o n  and the a b s o l u t e  q u a n t i t y  c a l c u l a t e d  by 
p r o p o r t i o n  to the p e a k  of the i n t e r n a l  s t a n d a r d .  The 
m a s s  of the i n t e r n a l  s t a n d a r d  a d d e d  w a s  of the same 
o r d e r  of m a g n i t u d e  as the a m o u n t s  of i n d i v i d u a l  f a t t y  
a c i d s  p r e s e n t  in the sample.
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-A n a l y s i s  of the n e u t r a l l i p i d s  of l o c u s t g a n g l i a -
3.5
T h e  a c e t o n e  s o l u b l e  l i p i d  f r a c t i o n  (see 
s e c t i o n  3.2) w a s  d r i e d  and s t o r e d  in b e n z e n e :m e t h a n o l  
(4:1, by v o l u m e )  at -80°C.
3.5.1
The d i f f e r e n t  c l a s s e s  of n e u t r a l  l i p i d  w e r e  
s e p a r a t e d  by t hin l a y e r  c h r o m a t o g r a p h y  by the m e t h o d  of 
B r o e k h u y s e  (19 7 2 )  (glass p l a t e s  20 cm x 20 cm, 0.5 m m  
s i l i c a  gel G 1n a c h  Sta h l ' ,  d e v e l o p e d  w i t h  p e t r o l e u m  
e t h e r  (b.p. 4 0 - 6 0 ° C ) :  d i e t h y l e t h e r :  f o r m i c  acid; 8 0 : 2 0 : 2 ,
by v o l u m e ) .
T h e  b a n d  c o r r e s p o n d i n g  to the s t e r o l s  was 
s c r a p e d  off and the s t e r o l s  r e c o v e r e d  by e l u t i o n  w i t h  
3 x 5ml of d e v e l o p i n g  sol v e n t .
3 . 5.2
The s t e r o l s  w e r e  a n a l y s e d  by g a s - l i q u i d  
c h r o m a t o g r a p h y  of t h e i r  t r i m e t h y 1 s i 1 y 1 d e r i v a t i v e s .
T h e s e  d e r i v a t i v e s  w e r e  p r e p a r e d  w i t h
b i s ( t r i m e t h y 1 s i l y 1 ) t r i f 1 u o r o a c e t a m i d e  (BSTFA, s u p p l i e d  
by S i g m a  C h e m i c a l  Co. L t d . ) .  The B S T F A  is s u p p l i e d  as a 
s o l u t i o n  in p y r i d i n e  and 0.5 ml of the s o l u t i o n  was u s e d  
to d i s s o l v e  the dry sterol c o m p o n e n t  from one 
p r e p a r a t i o n  in a g l a s s  r e a c t i v i a l ,  this was then s e a l e d  
and i n c u b a t e d  for 30 m i n  at 6 0°C in a w a t e r  bath.
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A p p a r a t u s :  The g a s - l i q u i d  c h r o m a t o g r a p h y  was
p e r f o r m e d  on a P y e  U n i c a m  P U 4 5 0 0  s e r i e s  m a c h i n e  u s i n g  
the f o l l o w i n g  c o n d i t i o n s .
C o l u m n :  2 5m c a p i l l a r y  col u m n .
A c t i v e  phase: S . E . 3 0
C a r r i e r  gas: H e l i u m .
F l o w  rate: 1 ml m i n
T e m p e r a t u r e :  2 3 0 ° C  for 5 m i n  then i n c r e a s i n g  at
4°C m i n   ^ to 300°C.
D e t e c t i o n :  F l a m e  i o n i z a t i o n  d e t e c t o r  at 350°C.
Q u a n t i f i c a t i o n :  The m a s s  of e ach s t e r o l
d e r i v a t i v e  was k n o w n  to be p r o p o r t i o n a l  to the a r e a  
u n d e r  the p e a k  on the r e c o r d e r  trace. T his a r e a  was 
g i v e n  by the i n t e g r a t o r  f i t t e d  to the Pye U n i c a m  P U 4 5 0 0 ,  
and the a b s o l u t e  v a l u e  c a l c u l a t e d  by p r o p o r t i o n  to the 
p e a k  of the i n t e r n a l  s t a n d a r d  (e r g o s t e r o l  ). T h e  m a s s  of 
the i n t e r n a l  s t a n d a r d  was of the s ame o r d e r  of m a g n i t u d e  
as that of s a m p l e  s t e r o i d s .
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-M e m b r a n e  p h o s p h o l i p i d  c o m p o s i t i o n -
3.6
The t h i n - l a y e r  c h r o m a t o g r a m  o b t a i n e d  by the 
m e t h o d  of S k i p s k i  e_t ( 1964) s h o w e d  bands
c o r r e s p o n d i n g  to the m a j o r  c l a s s e s  of p h o s p h o l i p i d  found 
in m a m m a l s  (see Fig. 7). I n i t i a l  e x p e r i m e n t s  s h o w e d  no 
loss of p h o s p h o l i p i d  w i t h  the a c e t o n e  w a s h  but a 
n o t i c e a b l e  r e d u c t i o n  in the i n t e n s i t y  of s t a i n i n g  by 
i o d i n e  at the s o l v e n t  front c o n s i s t e n t  w i t h  the loss of 
n e u t r a l  l i p i d s .  A l s o  e x t r a c t e d  in the a c e t o n e  w a s h  was a 
y e l l o w  c o m p o n e n t  w h i c h  ran at the s o l v e n t  front and m a y  
be r e s p o n s i b l e  for the c o l o r a t i o n  of the g a n g l i o n .
The q u a n t i t y  of i n o r g a n i c  p h o s p h a t e  w h i c h  
r e m a i n e d  a f t e r  the a s h i n g  of e a c h  p h o s p h o l i p i d  f r a c t i o n  
was t a k e n  to be p r o p o r t i o n a l  to the n u m b e r  of m o l e s  of 
p h o s p h o l i p i d  in e a c h  p h o s p h o l i p i d  class. This 
c a l c u l a t i o n  is b a s e d  on the a s s u m p t i o n  that e a c h  m o l e  of 
p h o s p h o l i p i d  c o n t a i n s  one m o l e  of p h o s p h o r u s  atoms.
The r e s u l t s  of the p h o s p h a t e  d e t e r m i n a t i o n  are 
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F i g u r e  7. L o c u s t  m e m b r a n e  p h o s p h o l i p i d s .
T h i n - l a y e r  c h r o m a t o g r a p h y  by the m e t h o d  of S k i p s k i  et^  
al. (1964).
0. O r i gin. 1. L y s o p h o s p h a t i d y 1 c h o l i n e . 2. S p h i n g o m y e l i n
3. P h o s p h a t i d y l c h o l i n e .  4. P h o s p h a t i d y 1 s e r i n e . 5.
P h o s p h a t i d y 1 i n o s i t o l . 6. P h o s p h a t i d y 1 e t h a n o 1 a m i n e . 7.
S o l v e n t  front w i t h  n e u t r a l  lipids and c a r d i o l i p i n .
-47-
P h o s p h o l i p i d  % C o m p o s i t i o n  by
I n o r g a n i c  P h o s p h a t e .
L y s o p h o s p h a t i d y l  c h o l i n e 8.7 + 3.3
S p h i n g o m y e l  in 7.6 + 3.0
P h o s p h a t i d y l c h o l i n e 31. 1 + 8.7
P h o s p h a t i d y l i n o s i t o l 6.3 + 2.3
P h o s p h a t i d y l s e r i n e 14.4 + 4.6
P h o s p h a t i d y l  e t h a n o l  a m i n e 29.3 + 9.1
C a r d i o l i p i n 2.5 + 1.5
T a b l e  2. C o m p o s i t i o n  of the P h o s p h o l i p i d s  from 
l o c u s t  g a n g l i o n i c  m e m b r a n e s .
The r e s u l t s  are the m e a n s  of 4 s e p a r a t e  
e x p e r i m e n t s  don e  in d u p l i c a t e .  The e r r o r s  are the 
s t a n d a r d  d e v i a t i o n s  from the m e a n s .
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- C o m p o s i t i o n  of f a t t y  a c ids from m e m b r a n e  p h o s p h o l i p i d s - 
3.7
T h e  f a t t y  a c i d  d e r i v a t i v e s  w e r e  i d e n t i f i e d  by
c o m p a r i n g  the r e t e n t i o n  times a g a i n s t  s t a n d a r d s  on b oth
the p o l a r  and n o n - p o l a r  c o l u m n s  (see s e c t i o n  3.4.3).
T h e r e  was some i n t e r f e r e n c e  w i t h  the d e t e r m i n a t i o n  of
the short c h a i n  f a t t y  acids from t a i l i n g  of the s o l v e n t
peak, p r o b a b l y  due to the p r e s e n c e  of low m o l e c u l a r
w e i g h t  c o n t a m i n a n t s .  T h i s  o nly s e r i o u s l y  a f f e c t e d  the
d e t e r m i n a t i o n  of p a l m i t i c  a c i d  ( C 1Z. _ ) a m i n o r  c o m p o n e n t
I o : U
in the f a t t y  a c i d  c o m p o s i t i o n  and v a l u e s  w e r e  o b t a i n e d  
w h e r e  p a l m i t i c  a c i d  was p r e s e n t  in a m o u n t s  g r e a t e r  than 
5 %.
No f a t t y  a c i d s  g r e a t e r  t h a n  20 c a r b o n  a t o m s  in
l e n g t h  w e r e  f o u n d  in t h e s e  p r e p a r a t i o n s .  A n  e x p e r i m e n t
u s i n g  p h o s p h a t i d y l  e t h a n o l  a m i n e  f rom rat b r a i n  m e m b r a n e s
s h o w e d  that d o c o s a h e x e n o i c  a c i d  ( C 00 -) was d e t e c t a b l e
L L : o
u s i n g  the m e t h o d  d e s c r i b e d .  C o n f i r m i n g  that the l a c k  of 
the s e  l o n g  c h a i n  p o l y u n s a t u r a t e d  f a t t y  a c ids in the 
l o c u s t  s a m p l e s ,  w a s  not due to f a u l t y  t e c h n i q u e .
The c o m p o s i t i o n s  d e t e r m i n e d  are s h o w n  in
T a b l e  3.
- 4 9 -
P h o s p h o  F a t t y  A c i d  C o m p o s i t i o n
p i d 16:0 16: 1 16:2 18:0 18 : 1 18:2 18:3 20:4
LPC 15 10 2 10 51 2 0 7
SM Tr Tr 13 49 29 8 0 0
PC 21 0 0 25 28 11 16 Tr
PI 14 0 0 8 63 6 Tr Tr
PS Tr Tr 5 28 12 4 17 34
PE 11 1 0 14 23 12 36 0
CL 34 3 Tr 20 22 7 14 0
T a b l e  3. F a t t y  A c i d  C o m p o s i t i o n  of the c l a s s e s  
of p h o s p h o l i p i d  f o u n d  in the P2 f r a c t i o n .
T h e  v a l u e s  are the m e a n s  of r e s u l t s  from t h ree 
d i f f e r e n t  p r e p a r a t i o n s  and are e x p r e s s e d  as % of the 
total f a tty a c i d  r e c o v e r e d  for that c l ass of 
p h o s p h o l i p i d .  T h e  v a r i a t i o n s  b e t w e e n  p r e p a r a t i o n s  w e r e  
w i t h i n  20% of the v a l u e  shown.
Tr. i n d i c a t e s  that the p h o s p h o l i p i d  was 
p r e s e n t  in s m all q u a n t i t i e s  but not q u a n t i f i a b l e ,  or 
less than 1% of the f a tty acid.
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- T h e  n e u t r a l  l i p i d  c o m p o s i t i o n  of t h e - 
- g a n g l i o nic P m e m b r a n e  f r a c t i o n -
3.8
T h e  t h i n - l a y e r  c h r o m a t o g r a m s  of the a c e t o n e  
s o l u b l e  l i p i d  f r a c t i o n  (see s e c t i o n  3 . 5 . 1 )  s h o w e d  bands 
c o r r e s p o n d i n g  to s e v e r a l  d i f f e r e n t  n e u t r a l  l i p i d  c l a s s e s  
but no l i p i d  r e m a i n i n g  at the o r i g i n  w h e r e  any 
p h o s p h o l i p i d  w o u l d  be e x p e c t e d  to stay (see Fig. 8) A 
p r e l i m i n a r y  e x p e r i m e n t  in w h i c h  the total l i p i d  e x t r a c t  
was a p p l i e d  s h o w e d  p h o s p h o l i p i d  but no b a nds of n e u t r a l  
l i p i d  a d d i t i o n a l  to t h ose o b s e r v e d  in the a c e t o n e  
e x t r a c  t .
T h e  bands o b s e r v e d  c o r r e s p o n d e d  to (by 
c o m p a r i s o n  w i t h  s t a n d a r d s ) :
1. S o l v e n t  front w i t h  y e l l o w  lipid.
2. T r i g l y c e r i d e s .
3. F r e e  f a tty acids.
4. S t e r o l s .
5. M o n o g l y c e r i d e s  or D i g l y c e r i d e s .
T he b and a s s i g n e d  as m o n o g l y c e r i d e s  or 
d i g l y c e r i d e s  was v e r y  faint. T h e r e  was no i n d i c a t i o n  of 
s te r o l  e s t e r s ,  w h i c h  w o u l d  h a v e  b een e x p e c t e d  to run 
b e t w e e n  the t r i g l y c e r i d e  b and and the s o l v e n t  front 
( B r o e k h u y s e ,  1972). The p r e s e n c e  of some r e m a i n i n g  
y e l l o w  l i p i d  and some g l y c e r i d e s  not u s u a l l y  a s s o c i a t e d  
w i t h  m e m b r a n e s  s u g g e s t s  that the f r a c t i o n  m a y  c o n t a i n
5o&
F i g u r e  8. N e u t r a l  lipids from the P fraction. 
T h i n - l a y e r  c h r o m a t o g r a p h y  by the m e t h o d  of B r o e k h u y s e  
(1972).
0. O r i g i n .  1. M o n o g 1 y c e r i d e s  or d i g 1 y c e r i d e s . 2.
C h o l e s t e r o l .  3. Fr e e  fatty acids. 4. T r i g l y c e r i d e s .  5. 
Sol vent f r o n t .
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f r a g m e n t s  of the fatty t i s s u e  w h i c h  s u r r o u n d s  the 
g a n g l i o n .
-A n a l y s i s  of the s t e r o l  c o m p o n e n t -
3.9
G a s - l i q u i d  c h r o m a t o g r a p h y  of the d e r i v a t i v e s  
of the s t e r o l  f r a c t i o n s  from the t h i n - l a y e r  
c h r o m a t o g r a m s  s h o w e d  3 m a j o r  c o m p o n e n t s ,  the l a r g e s t  of 
w h i c h  h a d  the same r e t e n t i o n  time as c h o l e s t e r o l .  The 
o t h e r  two c o m p o n e n t s  w e r e  not i d e n t i f i a b l e  by c o m p a r i s o n  
to the a v a i l a b l e  s t a n d a r d  s t e r o l s .  The c o m p o s i t i o n  is 
s h o w n  in T a b l e  4.
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S t e r o l
C o m p o n e n t
R e t e n t  ion 
T ime (sec)
% C o m p o s i t i o n  
(by p e a k  a r ea)
C h o l e s t e r o l  
U n k n o w n  1 




64 + 12 
25 + 7 
9 + 4
T a b l e  4. The c o m p o s i t i o n  of s t e r o l s  from 
l o c u s t  g a n g l i o n i c  m e m b r a n e s .  R e s u l t s  are the m e a n  of 
t h r e e  s e p e r a t e  e x p e r i m e n t s  and the e r r o r s  are the 
s t a n d a r d  d e v i a t i o n s  from the m e an.
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- T h e  l i p i d  c o m p o s i t i o n  of the m e m b r a n e s -
3.10
C o m p a r e d  w i t h  the m e m b r a n e  c o m p o n e n t s  of 
m a m m a l i a n  s y s t e m s  t h ose of i n s e c t s  h a v e  b e e n  l i t t l e  
stu d i e d .  P u b l i s h e d  data for i n s e c t  l i p i d  c o m p o s i t i o n s  
g e n e r a l l y  r e f e r  to the w h o l e  i n s e c t  (for e x a m p l e  see 
Fast, 1964; 1970 and B r i d g e s ,  1972).
In S c h i s t o c e r c a  g r e g a r  ia the onl y  m e m b r a n e  
p h o s p h o l i p i d  a n a l y s i s  p r e v i o u s l y  a v a i l a b l e  was for the 
m i t o c h o n d r i a  from fli g h t  m u s c l e s  ( K a l l a p u r  et^  a l . ,
1982). K a l l a p u r  et al_. (1982) a n a l y s e d  the l i p i d  
c o m p o s i t i o n  of m i t o c h o n d r i a  from l o c u s t s  r a i s e d  at two 
d i f f e r e n t  t e m p e r a t u r e s ,  a n d  f o und that the c o m p o s i t i o n  
v a r i e d  in the r e l a t i v e  p r o p o r t i o n s  of PC and PE.
The only r e p o r t  of m e m b r a n e  l i p i d  a n a l y s i s  
from n e u r a l  t i s s u e  of a l o c u s t  is that of B r e e r  and 
J e s e r i c h  (1984), from a s y n a p t o s o m a l  p r e p a r a t i o n  from 
L o c u s  ta m i g r a t o r i a . T h e y  o nly m e a s u r e d  the c o m p o s i t i o n  
of the m a j o r  p h o s p h o l i p i d  c l a s s e s ,  a n d  did not s t u d y  the 
fatty a c i d  c o m p o s i t i o n .  W i t h i n  the e r r o r s  q u o t e d  in b oth 
this s t u d y  a n d  that of B r e e r  and J e s e r i c h  (1984) the 
p h o s p h o l i p i d  c o m p o s i t i o n  of b oth p r e p a r a t i o n s  is the 
s ame .
A l t h o u g h  the m e m b r a n e  f r a c t i o n  u s e d  in this 
s t u d y  is e x p e c t e d  to c o n t a i n  m a n y  m i t o c h o n d r i a  the 
p h o s p h o l i p i d  c o m p o s i t i o n  r e s e m b l e s  that d e t e r m i n e d  for 
the s y n a p t o s o m a l  p r e p a r a t i o n  of B r e e r  and J e s e r i c h
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(1984) m o r e  c l o s e l y  than that of the m i t o c h o n d r i a  from 
S c h i s t o c e r c a  g r e g a r i a  ( K a l l a p u r  £_t a_l. , 1982). B o t h  the
p r e p a r a t i o n  u n d e r  s t u d y  in this w o r k  and that of B r e e r  
and J e s e r i c h  (1984) do, h o w e v e r ,  c o n t a i n  small 
p r o p o r t i o n s  of c a r d i o l i p i n ,  a p h o s p h o l i p i d  u s u a l l y  
t h o u g h t  to be a m i t o c h o n d r i a l  m a r k e r .
B o t h  t h e s e  l i p i d  c o m p o s i t i o n s  are s i m i l a r  to 
the v a l u e s  f o u n d  in n e u r o n a l  m e m b r a n e s  from v e r t e b r a t e s  
(for e x a m p l e  see B r e c k e n r i d g e  et al^. , 1972). T hus l o c u s t
n e u r a l  m e m b r a n e s  a p p e a r  to h a v e  s i m i l a r  c l a s s e s  of 
p h o s p h o l i p i d s  in s i m i l a r  p r o p o r t i o n s  to t h o s e  f o u n d  in 
m a m m a l i a n  n e u r o n a l  m e m b r a n e s .  The m a i n  d i f f e r e n c e  
b e t w e e n  this p r e p a r a t i o n  and that of the rat b r a i n  
p r e p a r a t i o n  of B r e c k e n r i d g e  eX al_. (1972 ) is the h i g h e r  
p r o p o r t i o n  of l y s o p h o s p h a t i d y 1 c h o i i n e  (8.7% in the 
l o c u s t  c o m p a r e d  w i t h  1.0% in the rat) this m a y  be due to 
p h o s p h o l i p a s e  a c t i v i t y  in the g a n g l i a  b e f o r e  e x t r a c t i o n  
of the l i p i d s ,  a n d  m a y  a l s o  be the s o u r c e  of the free 
f a tty acids f o u n d  in the p r e p a r a t i o n .
The fatty a c i d  c o m p o s i t i o n  of the d i f f e r e n t  c l a s s e s  of
p h o s p h o l i p i d  do s h o w  some s i g n i f i c a n t  d i f f e r e n c e s  w h e n
c o m p a r e d  w i t h  the v a l u e s  for the rat ( B r e c k e n r i d g e  £_t
al., 1972). In the rat d o c o s a h e x e n o i c  a c i d  (C«« ,) is a
  L L \ o
m a j o r  c o n s t i t u e n t  of the p h o s p h o l i p i d  f a t t y  acids, 
f o r m i n g  3 2 . 4 %  of the fatty a c i d  from PE and 3 4 . 1 %  of the 
f a tty a c i d  fro m  PS. In the l o c u s t  p r e p a r a t i o n ,  h o w e v e r ,
^ 2 2 * 6  w a s  n e v e r  d e t e c t e d .  By c o n t r a s t  B r e c k e n r i d g e  e_t
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a l . (1972) did not r e p o r t  the d e t e c t i o n  of l i n o l e n i c
a c i d  ( C 1Q _) w h i c h  in the l o c u s t  p r e p a r a t i o n  a c c o u n t s  
l o * 3
for 36% of the f a t t y  a c i d  from PE and s i g n i f i c a n t
p r o p o r t i o n s  of the f a t t y  a c ids f r o m  b o t h  PC and PS.
I n d e e d  no fat t y  a c ids c o u l d  be d e t e c t e d  in the
l o c u s t  p r e p a r a t i o n  w h i c h  w e r e  g r e a t e r  than t w e n t y  c a r b o n
atoms in len g t h ,  a n d  at that l e n g t h  onl y  a r a c h i d o n i c
a c i d  ( C nn ,) was d e t e c t e d ,  and c o m p o s e d  5% of the total 
20:4
fatty acid.
A r a c h i d o n i c  a c i d  m e t a b o l i s m  has b een the
s u b j e c t  of m a n y  r e p o r t s  in the l i t e r a t u r e  for i n s e c t s
b e c a u s e  of its i m p o r t a n c e  as a p r e c u r s o r  for
p r o s t a g l a n d i n  p r o d u c t i o n  (for e x a m p l e  see W a k a y a m a  ^t
a l . , 1985 ). In the p h o s p h o l i p i d  f r a c t i o n  the p r e s e n c e  of
^ 2 0 * 4  e s P e c i a l l y i n t e r e s t  as it has b e e n
s u g g e s t e d  that in r e c e p t o r - l i n k e d  p h o s p h o i n o s i t i d e
t u r n o v e r  the l i b e r a t e d  d i a c y l g l y c e r o l  m a y  not only
s t i m u l a t e  p r o t e i n  k i n a s e  C a c t i v i t y  but m a y  a l s o  be
h y d r o l y s e d  to r e l e a s e  C ^ q .^ l e a d i n g  to an e v e n t u a l
i n c r e a s e  in p r o s t a g l a n d i n  l e v e l s  (for r e v i e w  see
B e r r i d g e ,  1984).
In this p r e p a r a t i o n  ^ 2 0 * 4  was o b s e r v e d  in the
PI f r a c t i o n  but o n l y  in v e r y  small a m o u n t s ,  a v e r a g i n g
less than 1% of the fatty a c i d s  from PI. W a k a y a m a  et^  a l .
(1985) w o r k i n g  on the h o u s e f l y  f o u n d  that 
3
[ H ]a r a c h i d o n i c  a c i d  was r a p i d l y  i n c o r p o r a t e d  int o  the 
p h o s p h o l i p i d s  of h o u s e f l i e s  but s h o w e d  no p r e f e r e n c e  for 
the P I / P S  spot on t h e i r  t h i n - l a y e r  c h r o m a t o g r a m s ,  the
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d e v e l o p i n g  s y s t e m  u s e d  did not s e p a r a t e  the s e 
p h o s p h o l i p i d s .  In this study, h o w e v e r ,  m o r e  than 90% of 
the ^ 2 0 . f ° unc* to ke p r e s e n t  in the PS. This m a y  
r e f l e c t  d i f f e r e n c e s  e i t h e r  b e t w e e n  the m e t a b o l i s m s  of 
the two s p e c i e s ,  M u s c a  d o m e s t i c a  and S c h i s t o c e r c a  
g r e g a r i a , or b e t w e e n  the d i f f e r e n t  t i s s u e s  as W a k a y a m a  
et al . (1985 ) u s e d  w h o l e  i n s e c t s  in t h e i r  s t u d y  w h e r e a s
this w o r k  is on g a n g l i o n i c  m e m b r a n e s  s p e c i f i c a l l y .
It is p o s s i b l e  that t h e s e  r e s u l t s  
u n d e r e s t i m a t e  the p r o p o r t i o n  of ^ 2 0 * 4  '*'n t*ie 
f r a c t i o n .  A b d e l - L a t i f  £_t al^. (1974) h a v e  s h o w n  that in 
rat b r a i n  the p h o s p h o i n o s i t i d e s  c o n t a i n i n g  £ 20* 4  are 
a p p a r e n t l y  s u b j e c t  to a m u c h  g r e a t e r  r ate of t u r n o v e r  
than t h o s e  w i t h o u t .  If this is the c a s e  in the l o c u s t  
c e r e b r a l  g a n g l i o n  then the h i g h  t u r n o v e r  of 
p h o s p h o i n o s i t i d e s  w h i c h  m a y  h a v e  o c c u r r e d  a f t e r  
d i s s e c t i o n  of the g a n g l i a  m i g h t  h a v e  r e s u l t e d  in a 
s p e c i f i c  d e p l e t i o n  of the PI w h i c h  c o n t a i n e d  £ 2 0 *4 *
The s p e c i f i c i t y  of the t u r n o v e r  of PI for that 
part of the f r a c t i o n  w h i c h  c o n t a i n  m i g h t  be
t e sted. L a b e l l i n g  the p h o s p h o l i p i d s  JLn v i v o  by f e e d i n g
. . . . . . 32
or i n j e c t i n g  li ve  l o c u s t s  w i t h  e i t h e r  P or
3
[ H ] i n o s i t o l  w o u l d  a l l o w  the i n c o r p o r a t i o n  of r a d i o l a b e l  
w i t h o u t  the t r a u m a  of d i s s e c t i o n .  R a p i d  f r e e z i n g ,  and 
d i s s e c t i o n  of the still f r o z e n  c e r e b r a l  g a n g l i o n  
f o l l o w e d  i m m e d i a t e l y  by e x t r a c t i o n  of the p h o s p h o l i p i d s  
s h o u l d  p r e s e r v e  the ini t i a l  PI c o m p o s i t i o n .  It w o u l d  
then be p o s s i b l e  to s e p a r a t e  the PI by tic a n d  to
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fur ther f r a c t i o n a t e  the PI by tic on a s i l v e r  n i t r a t e  
t r e a t e d  su pp o r t,  as r e p o r t e d  by va n R o o i j e n  e_t a l .
(1985).
As the e x p e r i m e n t s  i n v o l v i n g  the i n c o r p o r a t i o n
32 . .
of P into the p h o s p h o l i p i d  pool of the l o c u s t  c e r e b r a l
g a n g l i o n  h a v e  shown, the t u r n o v e r  r a t e  of m o s t  of the
p h o s p h o l i p i d s  is m u c h  s l o w e r  than that of PI. T his
i n d i c a t e s  that t h e i r  m a j o r  role is p r o b a b l y  a s t r u c t u r a l
one. The c o m p o s i t i o n  of- f a tty a c ids w h i c h  m a k e  up the
h y d r o p h o b i c  core of the l i p i d  b i l a y e r  in the b i o l o g i c a l
m e m b r a n e  is c o m m o n l y  h e l d  to be r e s p o n s i b l e  for its
p h y s i c a l  p r o p e r t i e s  ( E m m e l o t  and van H o e v e n ,  1974;
H e l m r e i c h  and Elso n ,  1984).
T h e r e  is no m e t h o d  of p r e d i c t i n g  the p h y s i c a l  
p r o p e r t i e s  of a m e m b r a n e  from the l i p i d  c o m p o s i t i o n  
a l o n e ,  b e c a u s e  the c o m p l e x  m i x t u r e  of c o m p o n e n t s ,  
p h o s p h o l i p i d ,  ster o l  and p r o t e i n  all c o n t r i b u t e  to the 
f l u i d i t y  and s t a b i l i t y  of the m e m b r a n e .  It is g e n e r a l l y  
the case, h o w e v e r ,  that s h o r t e r  and m o r e  u n s a t u r a t e d  
f a t t y  aci d s  p r o d u c e  a m o r e  fluid m e m b r a n e .
C o m p a r i n g  the fatty a c i d  c o m p o s i t i o n s  of 
l o c u s t  g a n g l i o n i c  m e m b r a n e s  (this study) w i t h  t h o s e  of 
rat b r a i n  s y n a p t i c  m e m b r a n e s  ( B r e c k e n r i d g e  £jt a^. , 1972)
the n u m b e r  of d o u b l e  b o n d s  in the fatty a c i d s  from the 
l o c u s t  p r e p a r a t i o n  is fewer but the c a r b o n  c h a i n s  are 
s h o r t e r .
C h o l e s t e r o l  has an i m p o r t a n t  i n f l u e n c e  on
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m e m b r a n e  p r o p e r t i e s  ( E m m e l o t  and van H o e v e n ,  1974;
H a r r i s  and S c h r o e d e r ,  1981) d e c r e a s i n g  the m e m b r a n e  
f l u i d i t y  but p r e v e n t i n g  the p h a s e  c h a n g e  to a r i g i d  gel. 
It is a l s o  b e l i e v e d  to be p a r t i c u l a r l y  i m p o r t a n t  in the 
a c t i v i t y  of some r e c e p t o r s ,  Z a b r e c k y  and R a f t e r y  (1985) 
h a v e  s h o w n  that d e p l e t i n g  the c h o l e s t e r o l  from m e m b r a n e s  
d e c r e a s e d  n A C h R  f u n c t i o n .  The rat b r a i n  s y n a p t o s o m a l  
m e m b r a n e s  h a v e  a c h o l e s t e r o l :p h o s p h o l i p i d  r a t i o  of 0 .22 
by m a s s  ( B r e c k e n r i d g e  £_t al^. , 1972 ).
In the l o c u s t  p r e p a r a t i o n  u s e d  h e r e  the s t e r o l  
f r a c t i o n  was c o m p o s e d  of t h r e e  c o m p o n e n t s .  The m a j o r  
s p e c i e s  was c h o l e s t e r o l ,  w h i c h  c o m p r i s e d  64% of the 
total. T hus in this stu d y  the r a t i o  of
s t e r o l :p h o s p h o l i p i d  was a p p r o x i m a t e l y  0.6 for all s t e r o l  
or 0.4 for c h o l e s t e r o l  alone.
T his s t u d y  of the c o m p o s i t i o n  of the l i p i d  
f r a c t i o n  of the n e u r a l  m e m b r a n e s  from the l o c u s t  
c e r e b r a l  g a n g l i o n  shows that t h ere are d i f f e r e n c e s  in 
the c o m p o s i t i o n  from that of v e r t e b r a t e  s y s t e m s  w h i c h  
m a y  be s u f f i c i e n t  to give some d i f f e r e n c e  in the 
p r o p e r t i e s  of the p l a s m a  m e m b r a n e s  in w h i c h  
n e u r o t r a n s m i t t e r  r e c e p t o r s  are l o c a t e d .  T h i s  m a y  r e f l e c t  
the d i f f e r e n c e  in p h y s i o l o g y  of the two s p e c i e s ,  l o c u s t s  
are p o i k i l o t h e r m s  and not o nly do all t h e i r  m e t a b o l i c  
p r o c e s s e s  h a v e  to be able to f u n c t i o n  at t e m p e r a t u r e  
w h i c h  is, in this case, 12°C b e l o w  that of the rat (the 
l o c u s t s  w e r e  k e p t  at 25°C) but a lso h a v e  to be a b l e  to 
a d j u s t  to c h a n g e s  in t e m p e r a t u r e .
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- F u r t h e r  w o r k -
3, 12
T h i s  p r e l i m i n a r y  w o r k  on the l i p i d  c o m p o s i t i o n  
of the m e m b r a n e s  from i n s e c t  t i s s u e s  has e s t a b l i s h e d  
that the r e  is a d i f f e r e n c e  from the c o m p o s i t i o n  of 
m e m b r a n e s  from m a m m a l s .  H o w e v e r  the r e  are c l a s s e s  of 
l i p i d  w h i c h  h a v e  not b e e n  fully i n v e s t i g a t e d .  The 
g l y c o l i p i d s  h a v e  not b e e n  s t u d i e d  at all, a p a r t  f rom a 
s t a t e m e n t  in the w o r k  of B r e e r  and J e s e r i c h  (1984) that 
t h e y  c o u l d  not d e t e c t  any g a n g l i o s i d e s . S i m i l a r l y  the 
o t h e r  types of l i n k a g e  of h y d r o c a r b o n  c h a i n s  to 
p h o s p h o l i p i d s ,  the e t h e r  l i n k e d  types h a v e  b e e n  
i d e n t i f i e d  in w h o l e  i n s e c t s  (for r e v i e w  see D o w n e r ,
1 9 8 5 )  but w e r e  not i n v e s t i g a t e d  in this study. M e t h o d s  
for the a n a l y s i s  of t h ese m i n o r  c l a s s e s  of p h o s p h o l i p i d  
do e x i s t  but m a y  n e e d  to be m o d i f i e d  to c o m p e n s a t e  for 
the v e r y  small a m o u n t s  of t i s s u e  a v a i l a b l e  in i n s e c t  
n e u r o c h e m i  s t r y .
S ome w o r k  has b e e n  done on the v a r i a t i o n  in 
the l i p i d  c o m p o s i t i o n  of i n s e c t s  b r e d  at d i f f e r e n t  
t e m p e r a t u r e s  (Downer, 1985), h o w e v e r  this w o r k  has 
m o s t l y  b e e n  p e r f o r m e d  u s i n g  w h o l e  i n s e c t s  and the 
n e r v o u s  s y s t e m  w h i c h  r e l i e s  so h e a v i l y  on m e m b r a n e  
s i t u a t e d  e v e n t s  m i g h t  s h o w  m o r e  d r a m a t i c  c h a n g e s .
C H A P T E R  4. 
M E M B R A N E  P R O P E R T I E S
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-M e a s u r e m e n t  of m e m b r ane a n i s o t r o p y -  
- by f l u o r e s c e n c e  p o l a r i z a t i o n -
4.1
- T i s s u e  s a m p l e  p r e p a r a t i o n -
4 .1. 1
A m e m b r a n e  p e l l e t  from 50 c e r e b r a l  g a n g l i a  
was r e s u s p e n d e d  in 1.1 ml of 0.25 M s u c r o s e  (4°C) and 
l a y e r e d  on top of 4.5 ml of 1.2 M (4°C) s u c r o s e  in a 
c e n t r i f u g e  tube for the S W . 5 0 . 1  ro t o r  for a B e c k m a n  
L 5 - 5 0 B  U l t r a c e n t r i f u g e .  The s a m p l e  was c e n t r i f u g e d  at 
1 0 0 , 0 0 0  x g for 60 m i n  (4°C).
T h r e e  f r a c t i o n s  w e r e  c o l l e c t e d  from the tube 
a ft e r c e n t r i f u g a t i o n :
1. F r o m  the s u r f a c e  of the 0.25 M sucr os e.
2. F r o m  the i n t e r f a c e  b e t w e e n  the 0.25 M and
1.2 M su crose.
3. The p e l l e t  p r o d u c e d  at the b o t t o m  of the
tube .
T h e s e  f r a c t i o n s  w e r e  each d i l u t e d  in p h o s p h a t e  
b u f f e r  and c e n t r i f u g e d  (30 min, 1 0 0 , 0 0 0  x g, 4°C). The 
r e s u l t i n g  p e l l e t s  w e r e  r e s u s p e n d e d  in p h o s p h a t e  b u f f e r  
and s a m p le s  a s s a y e d  for p r o t e i n  c o n c e n t r a t i o n  and 
[^ H]Q NB  bin d i ng .
F r a c t i o n  2 was r e s u s p e n d e d  to a p r o t e i n  
c o n c e n t r a t i o n  of l O O p g  p r o t e i n  ml To 1 ml of this w as
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ad d e d 1 pi of 1 , 6 - d i p h e n y l h e x a t r i e n e  s o l u t i o n  (DPH, 2 mM  
in t e t r a h y d r o f u r a n ) . The s a m p l e  was then i n c u b a t e d  for 
30 m i n  in the da rk  at r o o m  t e m p e r a t u r e .
- A n i s o t r o p y  d e t e r m i n a t i o n -
4 . 1 . 2
F l u o r e s c e n c e  p o l a r i z a t i o n  m e a s u r e m e n t s  w e r e  
t a k e n  on s a m p l e s  in the p r e s e n c e  and a b s e n c e  of the 
f l u o r e s c e n t  pr ob e  DPH to a l l o w  for light s c a t t e r i n g  by 
the t u r b i d  sample.
A s a m p l e  of f r a c t i o n  2 (300 pi) was a d d e d  to 
700 pi of s o d i u m  p h o s p h a t e  b u f f e r  in the c u v e t t e  for the 
f l u o r e s c e n c e  p o l a r i z a t i o n  m e a s u r e m e n t .
The f l u o r e s c e n c e  p o l a r i z a t i o n  was m e a s u r e d  in 
a s t a n d a r d  A m i n c o - B o w m a n  s p e c t r o p h o t o f 1 u o r o m e t e r , w h i c h  
ha d b ee n  f i tt e d  w i t h  a pair of p o l a r o i d  fi lt e r s w h i c h  
c o u l d  be t u r n e d  t h r o u g h  90° to c h a n g e  the p l an e  of 
p o l a r i z a t i o n  of e i t h e r  the i r r a d i a t i n g  l ig ht  or the 
d e t e c t e d  f l u o r e s c e n c e  (see Fig. 9).
The s a m p l e  was i r r a d i a t e d  w i t h  m o n o c h r o m a t i c  
l ig h t (335 n m ) and f l u o r e s c e n c e  i n t e n s i t y  m e a s u r e d  
(430 n m ). The t e m p e r a t u r e  of the s a m p l e  was v a r i e d  by 
m e a n s  of a w a t e r  j a c k e t  a r o u n d  the c u v e t t e  c o n n e c t e d  to 
a c i r c u l a t i n g  w a t e r  bath. The t e m p e r a t u r e  of the sa mp le  
was m e a s u r e d  by a t h e r m o c o u p l e  p l a c e d  into the sample, 
care was t a k e n  to e n s u r e  that the t h e r m o c o u p l e  was 
o u t s i d e  the pa t h of the i r r a d i a t i n g  l igh t to p r e v e n t
tlA
F i g u r e  9. D i a g r a m m a t i c  r e p r e s e n t a t i o n  of the a p p a r a t u s  
used for the m e a s u r e m e n t  of f l u o r e s c e n c e  p o l a r i z a t i o n .
a. T h e r m o c o u p l e ;  b. Sample; c. W a t e r - j a c k e t ;  d. P o l a r o i d  
filters; e. d e t e ctor.
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i n t e r f e r e n c e .
At each t e m p e r a t u r e  po i n t r e a d i n g s  of the 
f l u o r e s c e n c e  i n t e n s i t y  w e r e  t a k e n  at all four 
p e r m u t a t i o n s  of the p l a n e s  of p o l a r i z a t i o n  of 
i r r a d i a t i o n  and f l u o r e s c e n c e .  T ha t is w i t h  bo th  
i r r a d i a t i o n  and f l u o r e s c e n c e  v e r t i c a l l y  p o l a r i z e d ,  w i t h  
bo th h o r i z o n t a l l y  p o l a r i z e d ,  w i t h  i r r a d i a t i o n  v e r t i c a l l y  
p o l a r i z e d  and f l u o r e s c e n c e  h o r i z o n t a l l y  p o l a r i z e d  and 
w i t h  i r r a d i a t i o n  h o r i z o n t a l l y  p o l a r i z e d  and f l u o r e s c e n c e  
v e r t i c a l l y  p o l a r i z e d .
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o
- T h e e f f e c t  of d i a c e t a l  on [— H ] - Q N B  b i n d i n g -
4.2
Th e f r a c t i o n  was p r e p a r e d  in b o r a t e  b u f f e r
(50 m M  b o r i c  a c i d  plus 50 mM s o d i u m  t e t r a b o r a t e  to pH 
7.8) and i n c u b a t e d  w i t h  v a r y i n g  c o n c e n t r a t i o n s  of 
d i a c e t a l  ( 1 . 0 - 0 . 0 1  m M ) and the time c o u r s e  of any c h a n g e
3
in [ H ] Q N B  b i n d i n g  was fo ll ow e d,  the e x p e r i m e n t s  w e r e  
b a s e d  on the p r o c e d u r e  of M i l l a n  et^  a_l. ( 1983). The 
f i l t e r  a s s a y  e m p l o y e d  was that gi v e n  a b o v e  ( s e c t i o n  
2.2 ).
3
T h e  p e r c e n t a g e  loss of [ H ] Q N B  b i n d i n g  was
e x p r e s s e d  r e l a t i v e  to sa m p l e s  i n c u b a t e d  in the a b s e n c e
of d i a c e t a l .  In e x p e r i m e n t s  us i n g  low c o n c e n t r a t i o n s  of
3
d i a c e t a l  no s i g n i f i c a n t  e f fe ct  on [ H ] Q N B  b i n d i n g  was 
o b s e r v e d .  H o w e v e r  at a c o n c e n t r a t i o n  of 50 mM the time 
c o u r s e  s h o w e d  an i n i t i a l  rise in b i n d i n g  b e f o r e  f a l l i n g  
g r a d u a l l y  (see F i g u r e  10).
S o m e  s a m p l e s  w e r e  i n c u b a t e d  w i t h  both d i a c e t a l  
and a t r o p i n e  (0.1 mM ), d e m o n s t r a t i n g  that the e f f e c t  of 
d i a c e t a l  was not due to any c h a n g e  in n o n - s p e c i f i c  
b in d i n g .
In o r d e r  to c h e c k  w h e t h e r  the e f f e c t  p r o d u c e d  
by d i a c e t a l  wa s due to a 'solvent eff e c t'  p a r a l l e l  
e x p e r i m e n t s  w e r e  run s u b s t i t u t i n g  a c e t o n e  for d i a c e t a l .  
T h e  time c o u r s e  of the e f f e c t  p r o d u c e d  by 50 mM a c e t o n e  
is sh o w n in F i g u r e  10. Th e sh ap e of the cu r v e is s i m i l a r  
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F i g u r e  11. E f f e c t  of et h a n o l  on [ H ] Q N B  b i n d i n g  to 
m em br an e s .
M e m b r a n e  s a m p l e s  p r e p a r e d  from eit h e r  locust c e r e b r a l  
g a n g l i a  or rat c e r e b r a l  c o r t e x  were i n c u b a t e d  w i t h  the 
a p p r o p r i a t e  et h a n o l  c o n c e n t r a t i o n  at 25 C for 1 h bef o r e 
the a d d i t i o n  of [ H ] Q N B  to a final c o n c e n t r a t i o n  of 
1 nM. [ H ] Q N B  b i n d i n g  has been e x p r e s s e d  as a p e r c e n t a g e  
of that found for control m e m b r a n e s  in the a b s e n c e  of 
ethanol. This is a r e p r e s e n t a t i v e  result, one of three 
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F i g u r e  12. P s e u d o - A r r h e n 1 us plot of H ] Q N B  b i n d i n g  to 
m e m b r a n e s  in the p r e s e n c e  of 500 mM ethanol.
M e m b r a n e  s a m p l e s  p r e p a r e d  from e i t h e r  locust c e r e b r a l  
g a n g l i a  or rat c e r e b r a l  c o r t e x  w e r e  i n c u b a t e d  with 500 
mM e t h a n o l  at t h e ^ t e m p e r a t u r e  s p e c i f i e d  for 1 h before  
the a d d i t i o n  of [ H ] Q N B  to a final c o n c e n t r a t i o n  of 
1 nM. [ H ] Q N B  b i n d i n g  has been e x p r e s s e d  as a p e r c e n t a g e  
of that found for c o n t r o l  m e m b r a n e s  i n c u b a t e d  at that 
t e m p e r a t u r e  but in the a b s e n c e  of etha n o l .  The values 
are the m e a n s  + s t a n d a r d  d e v i a t i o n  from at least three 
i n d e p e n d e n t  e x p e r i m e n t s .
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3
e t h a n o l  on the [ H ] Q N B  b i n d i n g  sites d i f f e r s  b o th  
q u a n t i t a t i v e l y  and q u a l i t a t i v e l y  b e t w e e n  the rat b r a i n  
and l o c u s t  g a n g l i o n  m e m b r a n e s .
- M e m b r a n e  a n i s o t r o p y  d e t e r m i n e d- 
- by f l u o r e s c e n c e  p o l a r i z a t i o n -
4.4
T he t h r e e  f r a c t i o n s  t ake n from the
c e n t r i f u g a t i o n  d e s c r i b e d  in s e c t i o n  4. 1 . 1  w e r e  a s s a y e d
3
for b o t h p r o t e i n  c o n c e n t r a t i o n  and [ H ] Q N B  b in d i ng .  T he  
r e s u l t s  are s h o w n  in T a b l e  5. F r a c t i o n  2, t a k e n  from the 
i n t e r f a c e  b e t w e e n  the 0.25 M s u c r o s e  and the 1.2 M 
s u c r o s e  sh ows an e n h a n c e d  c o n c e n t r a t i o n  of s p e c i f i c  
b i n d i n g  sites.
4.4. 1
T he r e s u l t s  of the f l u o r e s c e n c e  p o l a r i z a t i o n  
m e a s u r e m e n t s  w e r e  c a l c u l a t e d  in terms of the 
f l u o r e s c e n c e  a n i s t r o p y  (r). This v a l u e  for each  
t e m p e r a t u r e  is c a l c u l a t e d  by the formula:
r = (I - g.I . ) / (I + 2 . g .I . ) 
vv vh vv ° vh
w h e r e  I is the f l u o r e s c e n c e  i n t e n s i t y  and the s u b s c r i p t  
i n d i c a t e s  the o r i e n t a t i o n  of the two p o l a r o i d  f il t e r s  on
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the f l u o r i m e t e r , v r e p r e s e n t i n g  a v e r t i c a l  p o l a r i z a t i o n  
and h a h o r i z o n t a l  p o l a r i z a t i o n .  The fi rst s u b s c r i p t  
r ef e r s to the fi l t e r  b e t w e e n  the s o u r c e  and the s a mp l e  
and the s e c o n d  to the filt er b e t w e e n  the s a m p l e  and the 
d e t e c t o r ,  g is a c o r r e c t i o n  facto r for the g e o m e t r y  of 
the s y s t e m  and is equa l to I ^ / I ^ h ’
F i g u r e  13 is an A r r h e n i u s  plot of log r 
a g a i n s t  T \  T is the t h e r m o d y n a m i c  t e m p e r a t u r e  in 
K e l v i n s .
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F r a c t i o n  P r o t e i n  R e c o v e r e d
N u m b e r  (mg)
R e l a t i v e  S p e c i f i c  







T a b l e  5. The s u b f r a c t i o n a t i o n  of a m e m b r a n e
f r a c t i o n  from l o cu s t c e r e b r a l  ga n g l i a .
Th is  is one of two s e p a r a t e  e x p e r i m e n t s ,  the
r e l a t i v e  s p e c i f i c  a c t i v i t i e s  in the o th e r  d i f f e r e d  by
less than 10% of the f ig u re s  shown. T he  r e l a t i v e
s p e c i f i c  a c t i v i t i e s  w e r e  c a l c u l a t e d  as the s p e c i f i c  
3
b i n d i n g  of [ H ] Q N B  (final c o n c e n t r a t i o n  2 nM) in cpm mg 
p r o t e i n   ^ of ea ch  f r a c t i o n  d i v i d e d  by the c a l c u l a t e d  
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F i g u r e  13. A r r h e n i u s  Plot of the a n i s o t r o p y  of locust 
g a n g l i o n i c  m e m b r a n e s .
This is one of two e x p e r i m e n t s .  The a n i s o t r o p y  
d e t e r m i n e d  by the f l u o r e s c e n c e  p o l a r i z a t i o n  of 
d i p h e n y 1h e x a t r i e n e  is p l o t t e d  on a log scale.
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- P h y s i c a l  p r o p e r t i e s  of the m e m b r a n e - 
- a nd  the m u s c a r i n i c  r e c e p t o r -
4.5
D i a c e t a l  is a p r o t e i n  m o d i f y i n g  r e a g e n t  w h i c h
is s p e c i f i c  for a r g i n i n e  r e s i d u e s .  M i l l a n  £t^ a_l. (1984)
u se d  d i a c e t a l  to d e t e r m i n e  w h e t h e r  an a r g i n i n e  r e s i d u e
m i g h t  be i m p o r t a n t  in l i g a n d  b i n d i n g  to the m A Ch R ,  but
w e r e  u n a b l e  to r e a c h  any firm c o n c l u s i o n  ab ou t  the site
of a c t i o n  of d i a c e t a l  a l t h o u g h  they did s ho w that
3
d i a c e t a l  r e d u c e d  the b i n d i n g  of [ H ] Q N B  to rat b r a i n  
m e m b r a n e s .
If an a r g i n i n e  r e s i d u e  was i m p o r t a n t  in the 
3
b i n d i n g  site for [ H ] Q N B ,  then it w as  h y p o t h e s i s e d  that
it m i g h t  be c o n s e r v e d  in e v o l u t i o n  a nd  p e r h a p s
e x p e r i m e n t s  on the l o c u s t  CNS m i g h t  c l a r i f y  the issue.
In the l o c u s t  d i a c e t a l  was c o m p a r a t i v e l y  i n e f f e c t i v e  at
3
r e d u c i n g  the b i n d i n g  of [ H ] Q N B  an e f f e c t  only b e i n g
o b s e r v e d  at the h i g h e s t  c o n c e n t r a t i o n  us ed  by M i l l a n  £_t
3
a l . (1984). The d e c r e a s e  in [ H ] Q N B  b i n d i n g  did not
f o l l o w  the time c o u r s e  e x p e c t e d  for a c h e m i c a l  r e a c t i o n .  
T h e r e f o r e  e x p e r i m e n t s  u s i n g  the same c o n c e n t r a t i o n  of 
a c e t o n e  w e r e  p e r f o r m e d  in p a r a l l e l  to see if the 
o b s e r v e d  e f f e c t  wa s due to the s o l v e n t  p r o p e r t i e s  of the 
d i a c e t a l .  A c e t o n e  ( C H ^ . C O . C H ^ )  is s t r u c t u r a l l y  s i m i l a r  
to d i a c e t a l  ( C H ^ .C O . C O . C H ^  ) but l a c k i n g  the s e c o n d  
c a r b o n y l  f u n c t i o n  n e c e s s a r y  for the r e a c t i o n  w i t h  the 
a r g i n i n e  r e s i d u e s .
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A c e t o n e  p r o v e d  to p r o d u c e  a s i m i l a r  r e s p o n s e
to that g i v e n  by di a c e t a l ,  s h o w i n g  an in it i a l i n c r e a s e  
3
in [ H ] Q N B  b i n d i n g  m o r e  m a r k e d  than that sh o w n  by
d i a c e t a l .  Thi s s e e m e d  to i n d i c a t e  that the e f f e c t
o b s e r v e d  w as due to some p h y s i c o - c h e m i c a l  p r o p e r t y  of
t he s e  c o m p o u n d s  w h i c h  m i g h t  i n v o l v e  t he ir a t t r i b u t e s  as
o r g a n i c  so l v en t s .
E t h a n o l  is an o r g a n i c  s o l v e n t  that has e f f e c t s
on b o t h  r e c e p t o r s  ( T a b a k o f f  and H o f f m a n ,  1983) and
m e m b r a n e s  (Chin and G o l d s t e i n ,  1981). T h e s e  h a v e  be e n
w e l l  s t u d i e d  due to the i n t e r e s t  in e s t a b l i s h i n g  the
c a u s e  of a l c o h o l  i n d u c e d  i n t o x i c a t i o n  and the m e c h a n i s m
of a d d i c t i o n .  A g u i l a r  £_t al^. (1984) had  a l r e a d y  sh o w n
that e t h a n o l  was m o r e  p o t e n t  at r e d u c i n g  the b i n d i n g  of 
3
[ H ] Q N B  to l o c u s t  p r e p a r a t i o n s  than to rat b r a i n
m e m b r a n e s ,  and  this wa s c o n f i r m e d .  To see if this e f f e c t
w as due to a m e m b r a n e  f l u i d i t y  c h a n g e  the e f f e c t  of
3
t e m p e r a t u r e  on the i n h i b i t i o n  of [ H ] Q N B  b i n d i n g  was 
i n v e s t i g a t e d .  If the e f f e c t  was p h y s i c a l  in n a t u r e  
r a t h e r  than c h e m i c a l  it was a n t i c i p a t e d  that an 
A r r h e n i u s  plot of the data w o u l d  show an i n f l e x i o n  or 
d i c o n t i n u i t y  w h i c h  m i g h t  c o r r e s p o n d  to a ph a s e  c h a n g e  in 
the l i p i d  e n v i r o n m e n t  of the r e ce p t or .
The r e s u l t s  of th e s e e x p e r i m e n t s  s h o w e d  that 
the c u r v e s  for rat b r a i n  and l o c us t g a n g l i o n  m e m b r a n e s  
w e r e  v e r y  d i f f e r e n t  in shape. The c u r v e  for the rat 
b r a i n  m e m b r a n e  e x p e r i m e n t s  foll ows  the form a n t i c i p a t e d .  
At lo w t e m p e r a t u r e s  (5°C) e t h a n o l  (500 m M ) a c t u a l l y
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e n h a n c e s  b i n d i n g  o ve r  con t r ol ,  p e r h a p s  by f l u i d i z i n g  a 
m e m b r a n e  w h i c h  has e n t e r e d  the gel phase. As the 
t e m p e r a t u r e  is i n c r e a s e d  the b i n d i n g  falls to a s t a b le  
level not s i g n i f i c a n t l y  d i f f e r e n t  from c o n t r o l  v a l u e s  
and at m o r e  p h y s i o l o g i c a l  t e m p e r a t u r e s  (35°C) the 
b i n d i n g  is i n h i b i t e d  by e th a n ol ,  p e r h a p s  i n d i c a t i n g  an 
u n u s u a l  f l u i d i t y  state, or ’m e m b r a n e  e x p a n s i o n 1 w h i c h  
has be en  s u g g e s t e d  to e x p l a i n  the e fe c t  of e t h a n o l  on 
m e m b r a n e s  (Chin and G o l d s t e i n ,  1981).
In the l o c u s t  the g r e a t e s t  i n h i b i t i o n  by
° \e t h a n o l  is a g a i n  se e n  at the h i g h e s t  t e m p e r a t u r e  (30 C)
at w h i c h  po in t the b i n d i n g  was only 56% of the c o n t r o l
value , w h i c h  is a b o v e  the t e m p e r a t u r e  at w h i c h  the
l o c u s t s  w e r e  ke pt  b e f o r e  b e i n g  k i l l e d  (25°C). T h e
3
i n h i b i t i o n  of [ H ] Q N B  b i n d i n g  d e c r e a s e s  as the
t e m p e r a t u r e  is d e c r e a s e d  but a f te r  r e a c h i n g  a m i n i m u m  at
15°C at w h i c h  p o i n t  the b i n d i n g  was 83% of the c o n t r o l
v a l u e  the b i n d i n g  in the p r e s e n c e  of e t h a n o l  falls off
s h a r p l y  as the t e m p e r a t u r e  is f u rt h er  d e c r e a s e d .  This
fall at l ow e r  t e m p e r a t u r e s  is d i f f i c u l t  to e x p l a i n ,  if
m e m b r a n e  f l u i d i t y  wa s the sole m e c h a n i s m  of e f f e c t  then
3
it w o u l d  be e x p e c t e d  that the b i n d i n g  of [ H ] Q N B  in the 
p r e s e n c e  of e t h a n o l  w o u l d  c o n t i n u e  to r i se  as the 
t e m p e r a t u r e  fell, as in the rat. It m u s t  t h e r e f o r e  be 
p o s t u l a t e d  that t h e r e  is e i t h e r  some u n i q u e  f e a t u r e  of 
l o c u s t  g a n g l i o n i c  m e m b r a n e s  that c a us e s  them to r e s p o n d  
d i f f e r e n t l y  to e t h a n o l  at low t e m p e r a t u r e s  or that the 
e t h a n o l  is h a v i n g  an e f f e c t  d i r e c t l y  on the r e c e p t o r .
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To d e t e r m i n e  w h e t h e r  the e f f e c t  of e t h a n o l  
m i g h t  h a v e  b e en  due to some m a j o r  d i f f e r e n c e  in the 
p r o p e r t i e s  of the m e m b r a n e ,  it wa s first n e c e s s a r y  to 
d e t e r m i n e  if the p h y s i c a l  p r o p e r t i e s  of the in se ct  
n e u r o n a l  m e m b r a n e ,  a b o u t  w h i c h  n o t h i n g  was known,  w e r e  
d i f f e r e n t  from th os e of the rat n e u r o n a l  m e m b r a n e ,  w h i c h  
h a v e  bee n c h a r a c t e r i z e d .
A s t a n d a r d  m e a s u r e  of the p h y s i c a l  p r o p e r t i e s  
of b i o l o g i c a l  m e m b r a n e s  is the r o t a t i o n a l  v i s c o s i t y .  
T h e r e  are se v e r a l  m e t h o d s  of m e a s u r i n g  this by p r o b i n g  
the m e m b r a n e .  Th e one u se d  in this study, f l u o r e s c e n c e  
p o l a r i z a t i o n  is one of the m o s t  c o m m o n l y  used  (for 
r e v i e w  see S h i n i t z y  and B a r e n h o l z ,  1978). It r e l i e s  on 
the p r o p e r t i e s  of the p r o b e  d i p h e n y 1h e x a t r i e n e  (DPH), 
w h i c h  is a h y d r o p h o b i c  c o m p o u n d  w h i c h  r e a d i l y  p e n e t r a t e s  
the m e m b r a n e  and w h e n  in a h y d r o p h o b i c  e n v i r o m e n t  is 
c a p a b l e  of f l u o r e s c i n g .
The p o l a r i z a t i o n  of the l o c u s t  m e m b r a n e s  is of 
the same o r d e r  as that fo und for m o u s e  s y n a p t o s o m a l  
m e m b r a n e s  in the s tu dy  by H a r r i s  and S c h r o e d e r  (1981).
At a t e m p e r a t u r e  of 30°C H a r r i s  and S c h r o e d e r  (1981) 
found a p o l a r i z a t i o n  of DPH of a p p r o x i m a t e l y  0.28  
w h e r e a s  in this s tu dy the p o l a r i z a t i o n  of DPH was 0. 25 5  
at 29.7°C. T h e r e  is, h o w e v e r  a s i g n i f i c a n t  d i f f e r e n c e  in 
the r e s u l t s  from H a r r i s  and S c h r o e d e r  (1981), t hey  
o b s e r v e d  a d i s c o n t i n u i t y  in the A r r h e n i u s  plot of the 
p o l a r i z a t i o n  of DPH, at 23°C, i n d i c a t i n g  a p h a s e  c h a n g e  
in the l i p i d  at this t e m p e r a t u r e .  In c o n t r a s t  t h e r e  is
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no d e t e c t a b l e  d i s c o n t i n u i t y  in the A r r h e n i u s  plot of the 
f l u o r e s c e n c e  a n i s o t r o p y  from the lo cust.
D i s c o n t i n u i t i e s  in a r r h e n i u s  pl ots are not 
a l w a y s  o b s e r v e d  ev en  in m a m m a l i a n  m e m b r a n e s  ( S h i n i t z y  
an d B a r e n h o l z ,  1978). It is t h o u g h t  that h ig h  
c o n c e n t r a t i o n s  of c h o l e s t e r o l  can c a u s e  loss of ph a s e  
c h a n g e s  in m e m b r a n e s .  Thus it m a y  be that the the h i g h e r  
p r o p o r t i o n  of c h o l e s t e r o l  fo und  in the m e m b r a n e  
p r e p a r a t i o n  a n a l y z e d  in th es e s t u di es ,  as c o m p a r e d  w i t h  
that f o u n d  in the rat s y n a p t o s o m a l  p r e p a r a t i o n  of 
B r e c k e n r i d g e  et^  al^. ( 1972 ), m a y  be of some i m p o r t a n c e  in 
the o b s e r v a t i o n s  of the p h y s i c a l  p r o p e r t i e s  in this 
s t u d y .
The p h a s e  c h a n g e s  i n d i c a t e d  by d i s c o n t i n u i t i e s  
are t h o u g h t  to be a t r a n s i t i o n  b e t w e e n  a fl ui d st a t e  of 
the m e m b r a n e  and a gel state. A gel st a t e  i m p l i e s  a 
r i g i d  s t r u c t u r e  w h e r e  not only is the r o t a t i o n a l  
v i s c o s i t y  m a r k e d l y  h i g h e r  but al s o the t r a n s l a t i o n a l  
v i s c o s i t y .  This w o u l d  m a k e  it m u c h  m o r e  d i f f i c u l t  for 
m o v e m e n t  to oc cu r  in the pl a n e  of the m e m b r a n e .  T h e r e  
are s e v e r a l  p r o c e s s e s  in the n e r v o u s  s y s t e m  w h i c h  are 
d e p e n d e n t  on c o m p o n e n t s  of the m e m b r a n e  m o v i n g  in the 
p l a n e  of the m e m b r a n e ,  t hes e i n c l u d e  the e v e n t s  of the 
c o n t r o l  of s e c o n d  m e s s e n g e r  s ys t e m s  w h e r e  some 
c o m b i n a t i o n  of the r e c e p t o r ,  the N p r o t e i n  and the 
e f f e c t o r  e n z y m e  m u s t  m o v e  t h r o u g h  the m e m b r a n e  l i p i d  in 
o r d e r  to i n t e ra c t.  Thus  a gel p h a s e  m u s t  be a v o i d e d  in 
the p h y s i o l o g i c a l  t e m p e r a t u r e  r a n g e  of an an i ma l .  T he
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p h a s e  c h a n g e  s e e n  by H a r r i s  and S c h r o e d e r  (1981) at 
23 °C  is w e l l  b e l o w  the p h y s i o l o g i c a l  t e m p e r a t u r e  of the 
rat, a n d  so is w i t h o u t  c o n s e q u e n c e .  In c o n t r a s t ,  for the 
l o c u s t s  in this study, w h i c h  w e r e  k ep t  at 25°C, a ph a s e  
c h a n g e  at 23° C w o u l d  be q u i t e  u n a c c e p t a b l e .  The l o c u s t s  
w e r e  s e e n  to s ti l l  be ac ti ve , a l b e i t  s l u g g i s h l y ,  at 
t e m p e r a t u r e s  w e l l  b e l o w  that, w h e n  b e i n g  a n a e s t h e t i z e d  
w i t h  dry  ice, an d  w h e n  dry ice was not a v a i l a b l e  the 
l o c u s t s  w e r e  c h i l l e d ,  in o r d e r  to r e n d e r  t he m  e a s y  to 
h a n d l e ,  t h e y  w e r e  st il l c a p a b l e  of m o v e m e n t  and  some 
r e s p o n s e  to t h e i r  s u r r o u n d i n g s  at 4°C. F u r t h e r m o r e  
l o c u s t s  w h i c h  h a d  b e e n  a n a e s t h e t i s e d  w i t h  dry ice and 
f r o z e n  w e r e  c a p a b l e ,  if a ll o w ed ,  of r e v i v i n g .
T h u s  l o c u s t s  are c a p a b l e  of s u r v i v i n g  gr eat 
c h a n g e s  in t e m p e r a t u r e  w h i c h  oc c ur  v e r y  r a p i d l y .  In the 
t im e  s c a l e  of, at m os t ,  a few m i n u t e s  it is u n l i k e l y  
th at the l i p i d  c o m p o s i t i o n  of the m e m b r a n e s  can c h a n g e  
to a ny  g r e a t  d e g r e e  a nd  t h e r e f o r e  it w o u l d  s e e m  that the 
a b i l i t y  to r e m a i n  a c t i v e  t h r o u g h o u t  such t e m p e r a t u r e  
c h a n g e s  is i n b u i l t  r a t h e r  than an a d a p t i v e  m e c h a n i s m .
It w o u l d  seem, t h e r e f o r e ,  that the d i f f e r e n c e s  
in m e m b r a n e  v i s c o s i t y  b e t w e e n  the n e u r o n a l  m e m b r a n e  of 
the rat and the l o cu s t  r e f l e c t  the m a j o r  d i f f e r e n c e  in 
t h e i r  p h y s i o l o g y .
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- F u r t h e r  w o r k -
4.6
The n e u r o n a l  m e m b r a n e  of i ns e c t s  has n ev e r  
p r e v i o u s l y  b e e n  s t u d i e d  in this fa sh io n, t her e are 
d i f f e r e n c e s  b e t w e e n  it and the m e m b r a n e  of the rat 
n e u r o n e  and t hes e m a y  we ll  be w o r t h  i n v e s t i g a t i n g ,  
p a r t i c u l a r l y  w i t h  r e s p e c t  to the f u n c t i o n  of the 
n e u r o t r a n m i t t e r  r e c e p t o r s ,  and  o t h e r  m e m b r a n e  p ro t e in s .  
Thi s is of i n t e r e s t  b e c a u s e  m a n y  of the i n s e c t i c i d e s  in 
c o m m o n  use are h i g h l y  h y d r o p h o b i c ,  a l t h o u g h  they are 
m a i n l y  t h o u g h t  to a f f e c t  ion c h a n n e l s  th eir  e f f e c t s  seem 
to be w i d e  r a n g i n g  and g i v e n  the p o or  s o l u b i l i t y  of m a n y  
of them, su c h  as l i n d a n e  ( h e x a c h l o r o c y c l o h e x a n e ), in 
a q u e o u s  s o l u t i o n  it w o u l d  seem l i k e l y  that they w o u l d  
pass f r e e l y  into m e m b r a n e s .  T hu s it m a y  be that the 
c l a s s e s  of i n s e c t i c i d e  such as the c y c l o d i e n e s  and 
l i n d a n e  w h i c h  are h y d r o p h o b i c ,  m a y  act t h r o u g h  b i n d i n g  
to m e m b r a n e  l i p i d  sites on the p r o t e i n s  on w h i c h  they 
act or by o t h e r w i s e  d i s r u p t i n g  the p r o t e i n  li p i d  
i n t e r a c t i o n s .  S t u d i e s  on the e f f e c t  of i n s e c t i c i d e s  on 
m e m b r a n e  f l u i d i t y  m i g h t  be v e r y  r e w a r d i n g .
In p r a c t i c e  th ese  sort s of e x p e r i m e n t s  s h o u l d  
not be v e r y  d i f f i c u l t ,  they h a v e  the a d v a n t a g e  that they 
r e q u i r e  c o m p a r a t i v e l y  l i t t l e  tissue, a l w a y s  a l i m i t i n g  
fa cto r in i n se c t r e s e a r c h  and the t e c h n i q u e s  are r e a d i l y  
t r a n s p o s a b l e  to insec t tissue.
C H A P T E R  5.
M U S C A R I N I C  R E C E P T O R  H E T E R O G E N E I T Y
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-M e a s u r e m e n t  of p h o s p h o l i p i d  t u r n o v e r -
5. 1
S u p r a o e s o p h a g e a l  g a ng l i a ,  from l o c u s t s  not 
t r e a t e d  w i t h  c a r b o n  dioxi de,  w e r e  ve r y  c a r e f u l l y  
d i s s e c t e d  to r e m o v e  the op tic  lobes. Th e g a n g l i a  w e r e  
t he n  cut a c r o s s  once w i t h  a s c a l p e l  bl a d e and p l a c e d  
i m m e d i a t e l y  into o x y g e n a t e d  l o c u s t  s a l i n e  c o n t a i n i n g  
10 m M  gl u c o s e .  For each of the four s a m p l e s  20 g a n g l i a  
w e r e  p l a c e d  in 10 ml of s a l i n e  A.
3 2
The g a n g l i a  w e r e  i n c u b a t e d  w i t h  l O O p C i  of P
(as c a r r i e r  free, A m e r s h a m  I n t e r n a t i o n a l  pic)
for 30 m i n  at ro o m t e m p e r a t u r e .
The s a m p l e s  w e r e  i n c u b a t e d  for 20 m i n  at 25°C
to a l l o w  the s a m p l e s  to e q u i l i b r a t e  b e f o r e  the a d d i t i o n
32
of 1 0 0 - 1 5 0  pCi of c a r r i e r  free P to e ach  sample. 
C a r b a m o y l  c h o l i n e  (final c o n c e n t r a t i o n  10 m M ) was 
i m m e d i a t e l y  a d d e d  to two of the sam pl e s.  The s a m p l e s  
w e r e  then i n c u b a t e d  at 25°C for 60 min.
The r e a c t i o n  was s t o p p e d  by c e n t r i f u g i n g  the 
tubes (10 min, 500 x g ) , p o u r i n g  off the s u p e r n a t a n t  and 
a d d i n g  10 ml chi o r o f o r m :m e t h a n o l  (2:1, by v o l u m e )  to the 
g a n g l i a .
The p h o s p h o l i p i d s  w e r e  e x t r a c t e d  by a m o d i f i e d  
' F o l c h 1 e x t r a c t i o n  as d e s c r i b e d  a b o v e  ( s e c t i o n  3.1).
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- S e p a r a t i o n  of p h o s p h o l i p i d  c l a s s e s -
5.1.1
The n e u t r a l  lipids  w e r e  r e m o v e d  from the total 
l ip i d  e x t r a c t  o b t a i n e d  from the F o l c h  e x t r a c t i o n  by 
w a s h i n g  a dry li p i d  film w i t h  a c e t o n e ;  n e u t r a l  l ipi ds  
are s o l u b l e  in a c e t o n e  w h e r e a s  p h o s p h o l i p i d s  are not 
( L o v e l o c k  et^  a\_. , 1960). A m o r e  r i g o r o u s  s e p a r a t i o n  of
the d i f f e r e n t  p h o s p h o l i p i d  c l a s s e s  was  r e q u i r e d  than 
that g i v e n  by the m e t h o d  of S k i p s k i  e_t a_l. (1964) gi ven
a b o v e  ( s e c t i o n  3.2). C o n s e q u e n t l y  a t w o - d i m e n s i o n a l  
s e p a r a t i o n  by thin la ye r c h r o m a t o g r a p h y  was e m p l o y e d  
( A b d e l - L a t i f  et^  al. , 1974).
In this s e p a r a t i o n  glass  p l a t e s  (20 cm x 
20 cm) w e r e  s p r e a d  w i t h  a s l u r r y  of 20g s i l i c a  gel H 
'nach St a h l'  in 65 ml of w a t e r  c o n t a i n i n g  1.5 g of 
m a g n e s i u m  a ce t a t e .  The p l a t e s  w e r e  a l l o w e d  to dry, and 
then a c t i v a t e d  for at least an h o u r in an oven at 100°C 
b e f o r e  use.
A s a m p l e  of p h o s p h o l i p i d  wa s a p p l i e d  to a 
c o r n e r  of e ach  plate. The p l a t e s  w e r e  d e v e l o p e d  in the 
first d i r e c t i o n  w i t h  CHCl^: C H ^ O H : 2 8 %  NH^ (aq.)
( 6 5 : 25 : 4,  by v o l u m e )  T h e n  the p l a t e  w as r e m o v e d  from the 
ta nk and d r i e d  w i t h  a h a i r - d r y e r ,  b e f o r e  be i n g  
r e a c t i v a t e d  in an ov en  at 100°C for 1 h.
The p l a t e s  w e r e  d e v e l o p e d  in the s e c o n d  
d i r e c t i o n  w i t h  C ^ g O H :  C H 3C 0 2H : H 20 ( 1 2 0 : 2 0 : 2 0 ,  by
v o 1 um e )
Th e p h o s p h o l i p i d s  w e r e  v i s u a l i s e d  by e x p o s u r e
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to i o d i n e  v a p o u r .  Th e spots  w e r e  t h e n  s c r a p e d  ont o  
g l a z e d  p a p e r  a n d the s i l i c a  t r a n s f e r r e d  to gl a ss  
c e n t r i f u g e  tubes , w h i c h  c o n t a i n e d  3 ml of the d e v e l o p i n g  
s o l v e n t  f r o m  the m e t h o d  of S k i p s k i  e_t al^. (1964) (see 
s e c t i o n  3.2). The l i p i d s  w e r e  e x t r a c t e d  by m i x i n g  the 
s i l i c a  w i t h  the s o l v e n t s  g i v e n  b e l o w  in that o r d e r  and 
th en c e n t r i f u g i n g  (10 m i n  500 xg) a n d  c o l l e c t i n g  the 
s ol v e n t .  Th e s o l v e n t s  e m p l o y e d  were:
1. 3 ml of S k i p s k i  d e v e l o p i n g  s o l v e n t
2. 2 ml of S k i p s k i  d e v e l o p i n g  s o l v e n t
3. 2 ml of C H 3 0H
4. 2 ml of C H 3 0H: C H 3 C 0 2 H: H 2 0 ( 94: 1:5 , by
v o l u m e )
- D e t e r m i n a t i o n  of the s p e c i f i c  a c t i v i t y -
5. 1 . 2
The s a m p l e s  w e r e  e v a p o r a t e d  to d r y n e s s  in a b o i l i n g  
w a t e r - b a t h  in b o i l i n g  tu b es  w i t h  an a n t i - b u m p i n g  
g r a n u l e .  T h e y  w e r e  the n a s h e d  to g i v e  i n o r g a n i c  
p h o s p h a t e  a n d  the p h o s p h a t e  c o n c e n t r a t i o n  a s s a y e d  
a c c o r d i n g  to the m e t h o d  of B a r t l e t t  (1959).
In this m e t h o d  1.0 ml of w a t e r  a n d  0.5 ml of 
5M s u l p h u r i c  a c i d  w e r e  a d d e d  to the s a m p l e s  a n d  the 
r e s u l t i n g  m i x t u r e  h e a t e d  in an o v e n  at 150°C  o v e r n i g h t .  
The f o l l o w i n g  da y 2 dr o ps  of h y d r o g e n  p e r o x i d e  (30%) 
w e r e  a d d e d  a n d  the s o l u t i o n  was r e t u r n e d  to the o v e n  
( 160 °C ) for at l e as t  1.5 h m o r e  to c o m p l e t e  the
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c o m b u s t i o n  a nd  to d e c o m p o s e  the r e m a i n i n g  h y d r o g e n  
p e r o x  i d e .
4. 4 ml of w a t e r  was a d d e d  to the tubes the 
s o l u t i o n  wa s m i x e d  and 4.4 ml t r a n s f e r r e d  to 
s c i n t i l l a t i o n  vials and the a c t i v i t y  m e a s u r e d  u s i n g  the 
C h e r e n k o f  r a d i a t i o n ,  in a l i q u i d  s c i n t i l l a t i o n  c o u n t e r  
set for r e a d i n g  t r i t i u m .
4.3 ml was t r a n s f e r r e d  from the s c i n t i l l a t i o n  
v i a l s  into gl a s s  test tubes, to w h i c h  w e r e  a d d e d  0.2 ml 
a m m o n i u m  t e t r a m o l y b d a t e  (5%, w / v )  and  0.2 ml of 
F i s k e - S u b b a R o w  re ag en t . The F i s k e - S u b b a R o w  r e a g e n t  was 
p r e p a r e d  by a d d i n g  0.5 g of l - a m i n o - 2 - n a p h thol- 
4 - s u l p h o n i c  ac i d  to 200 ml of f r e s h l y  p r e p a r e d  16% (w/v)
s o d i u m  m e t a b i s u l p h i t e  f o l l o w e d  by 1.0 g of a n h y d r o u s  
s o d i u m  s u l p h i t e .  The s o l u t i o n  was  f i l t e r e d  and u s ed  the 
s ame  day.
Th e  s a m p l e s  w e r e  r e t u r n e d  to the ov en  (110°C)  
for 15 mi n,  t h en  r e m o v e d  and a l l o w e d  to cool to room 
t e m p e r a t u r e  b e f o r e  r e a d i n g  the a b s o r b a n c e  at 830 n m . The 
p h o s p h a t e  c o n t e n t  was d e t e r m i n e d  by c o m p a r i s o n  w i t h  a 
s t a n d a r d  c u r v e  p r e p a r e d  from i n o r g a n i c  p h o s p h a t e .
T he  r a t i o  of the a c t i v i t y  of the p h o s p h o l i p i d  
s a m p l e s  to the m a s s  of p h o s p h o r u s  is the s p e c i f i c  
a c t i v i t y .  T he  s p e c i f i c  a c t i v i t y  is a m e a s u r e  of the 
t u r n o v e r  r a te  for the p h o s p h o l i p i d s .
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3
- T he i n c o r p o r a t i o n  of [— H ]i n o s i t o l - 
- into the p h o s p h o l i p i d -
5.2
S u p r a o e s o p h a g e a l  g a n g l i a  w e r e  c a r e f u l l y  
d i s s e c t e d  and sliced, as befor e, and i m m e d i a t e l y  p l a c e d  
in g a s s e d  (0 2 : CO^; 95: 5) s a l i n e  B. A b o u t  10 g a n g l i a
w e r e  us e d  per s a m p le  in 10ml of saline.
The d i s s e c t e d  g a n g l i a  w e r e  a l l o w e d  to 
e q u i l i b r a t e  w i t h  the b u f f e r  for 1 h at r oo m  t e m p e r a t u r e .
T h e n  the s a l i n e  was c h a n g e d  to 2 ml fr es h g a s s e d  s a l i ne
3 . -1
and 2 p C i  of m y o  [2- H ] i n o s i t o l  ( 1 0 - 2 0 C i  m mo l  , lmCi
ml s u p p l i e d  by A m e r s h a m  I n t e r n a t i o n a l  pic) w e r e  a d d e d
in the p r e s e n c e  or a b s e n c e  of 0.1 m M  c a r b a c h o l  and ot her
c h o l i n e r g i c  drugs. The i n c u b a t i o n  was  a l l o w e d  to
c o n t i n u e  for 1 h. The i n c u b a t i o n  was s t o p p e d  by
c e n t r i f u g i n g  the tubes to p e l l e t  the g a n g l i a  and
d e c a n t i n g  the s u p e r n a t a n t ,  5 ml of c h l o r o f o r m :  m e t h a n o l
(2:1) w e r e  a d d e d  and the g a n g l i a  w e r e  r a p i d l y
h o m o g e n i s e d  (10 s, U l t r a t u r r a x ) .  Th e l i p i d s  w e r e
e x t r a c t e d  by the m e t h o d  g i v e n  a b o v e  ( s e c t i o n  3.1).
The li p i d  s a m p l e s  w e r e  d i s s o l v e d  in 5 ml 
CH Cl ^ : C H ^ O H  (2:1, by v o l u m e )  and d i vi d e d ,  4 ml 
t r a n s f e r r e d  to a s c i n t i l l a t i o n  vial and dr i e d  b e f o r e  the 
a d d i t i o n  of 5 ml of ' O p t i p h a s e  S a f e 1 s c i n t i l l a n t  for 
l i q u i d  s c i n t i l l a t i o n  c o u n t i n g  and the r e m a i n d e r  a s h e d  
an d a s s a y e d  for the i n o r g a n i c  p h o s p h a t e  c o n t e n t  
( B a r t l e t t ,  1959. See s e c t i o n  5.1).
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S a l i n e  A, used in the m e a s u r e m e n t  of p h o s p h o l i p i d  
t u r n o v e r .
NaCl , 150 mM
KC1, 10 mM
C a C 1 2 , 2 mM
M g C l 2 , 5 mM
1 T r i s 1 , 10 mM
g l u c o s e , 10 mM
M a d e  to pH 6.8 w i t h  36% (v/v) h y d r o c h l o r i c  acid.
3
S a l i n e  B, us ed in the i n c o r p o r a t i o n  of [ H ] - i n o s i t o l .
NaCl , 150 mM
K C 1 , 10 mM
C a C 1 2 , 2 mM
M g C l 2 , 5 mM
N a H C 0 3 , 8 mM
K H 2 P 0 4 » 6 mM
g lu c o se , 10 mM
pH 6.8
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- D e t e r m i n a t i o n  of cAMP  p r o d u c t ion-
5.3
S u p r a o e s o p h a g e a l  g a n g l i a  w e r e  d i s s e c t e d  from 
f r e s h l y  d e c a p i t a t e d  l oc ust  h ea d s  and i m m e d i a t e y  fr oz e n  
w i t h  l i q u i d  n i t r o g e n  b e f o r e  s t o r i n g  at -80°C. A d e n y l a t e  
c y c l a s e  wa s a s s a y e d  in h o m o g e n a t e s  of thes e g a n g l i a .  Ten 
g a n g l i a  w e r e  h o m o g e n i z e d  in 0.5 ml of 5 0 mM  Tris b u ff e r  
(pH 7.5) c o n t a i n i n g  Mg C l^ *  6 m M ; NaCl, 90 m M ; EDTA, 0.8 
m M ; t h e o p h y l l i n e ,  8 mM. The h o m o g e n a t e  was p a s s e d  
t h r o u g h  n y l o n  m e s h  to re mo v e la r g e  t i ss u e  f r a g m e n t s  and 
the v o l u m e  m a d e  up to 2 ml.
The a s s a y  was c a r r i e d  out in the same buffer,  
w i t h  the a d d i t i o n  of ATP (1 m M ), GTP (0.1 m M ) and 
c h o l i n e r g i c  li ga n d s .
A to ta l v o l u m e  of 0.5 ml was u sed  per a s s a y
tube i n c l u d i n g  0.05 ml of h o m o g e n a t e .  T he  r e a c t i o n  was
s t a r t e d  by the a d d i t i o n  of the A TP  and GTP and s t o p p e d
by p l a c i n g  the tubes in b o i l i n g  w a t e r  for 5 min. P r o t e i n
was p r e c i p i t a t e d  by c e n t r i f u g a t i o n ,  and  the cAMP
c o n c e n t r a t i o n s  d e t e r m i n e d  in a c o m p e t i t i o n  a s s a y  w i t h  a
3
cAMP b i n d i n g  p r o t e i n  and [ H ] c A M P  ( A m e r s h a m  
I n t e r n a t i o n a l )  as d e s r i b e d  by B r o w n  £t^ a_l. (1971) w i t h  
cAMP b i n d i n g  p r o t e i n  fom BDH Ltd.
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- I n c o r p o r a t i o n  o f — P into the m e m b r a n e  p h o s p h o l i p i d s -
5.4
The two d i m e n s i o n a l  t h i n - l a y e r  c h r o m a t o g r a m  
d e v e l o p e d  a c c o r d i n g  to A b d e l - L a t i f  £_t al_. (1974) 
p r o v i d e d  a m u c h  b e t t e r  s e p a r a t i o n  of the i m p o r t a n t  
c l a s s e s  of p h o s p h o l i p i d  (PI and p h o s p h a t i d i c  acid ) than 
the one d i m e n s i o n a l  s y s t e m  of S k i p s k i  et al_. (1964) used  
b e f o r e  (see Fig. 14).
As less t i ss u e was u sed  in th es e e x p e r i m e n t s  
than  in the c o m p o s i t i o n a l  a n a l y s i s ,  p r e l i m i n a r y  
e x p e r i m e n t s  s h o w e d  that the p h o s p h a t e  a s s a y  s y s t e m  used  
b e f o r e  wa s not s u f f i c i e n t l y  s e n s i t i v e ,  p a r t i c u l a r y  for 
the a s s a y  of p h o s p h a t i d i c  a ci d w h i c h  was p r e s e n t  in very 
smal l q u a n t i t i e s .  This was due to the dry a s h i n g  
p r o c e d u r e  w h i c h  us ed la r ge  a m o u n t s  of acid, w h i c h  
i n t e r f e r e  w i t h  the c o l o u r  r e a c t i o n .  T he p r o c e d u r e  of 
B a r t l e t t  (1959), e m p l o y e d  as s u g g e s t e d  for
m i c r o d e t e r m i n a t i o n ,  w i t h  wet a s h i n g  was found to be m u c h  
m o r e  s e n s i t i v e  (see Fig. 15).
The p r e s e n c e  of c a r b a c h o l  (10 mM  final
c o n c e n t r a t i o n )  did not h a ve  any a p p a r e n t  e f f e c t  on the
32 . .
i n c o r p o r a t i o n  of P into any of the p h o s p h o l i p i d
c l a s s e s .  It was p o s s i b l e ,  h o w e v e r ,  to m e a s u r e  the
32
s p e c i f i c  i n c o r p o r a t i o n  of P into the d i f f e r e n t  
p h o s p h o l i p i d  c l a s s e s  w h i c h  is a m e a s u r e  of thei r  
r e s p e c t i v e  t u r n o v e r  rates  (see T a b l e  6).
o —
Figure 1 4 . Two dimensional thin-layer chromatogram of 
phospholipids by the method of Abdel-Latif ej: a l .
(1 9 7 4 ).
The phospholipids were visualised by exposure to iodine 
vapour. 0 . Origin; 1 . P h o s p h a t i d y 1 s e r i n e ; 2 .
Phosphatidic acid; 3 . P h o s p h a t i d y 1 i n o s i t o l ; 4 .
Pho s ph a t i dy 1 e t h a n o 1 am i n e ; 3 . L y s oph o s ph a t i dy 1 c h o 1 in e ; 6 .
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F i g u r e  15. C o m p a r i s o n  of two m e t h o d s  for the 
d e t e r m i n a t i o n  of p h o s p h o r u s  c o n c e n t r a t i o n .
The two m e t h o d s  used we r e  those g i v e n  in s e c t i o n s
3.3 (•) and 5.1.2 (o). T h e s e  are typical r e s u l t s  for the 
s t a n d a r d  curves, in each case the p h o s p h o r u s  
c o n c e n t r a t i o n s  w e r e  m a d e  up u s i n g  d i s o d i u m  h y d r o g e n  
o r t h o p h o s p h a t e .  O p t i c a l  d e n s i t i e s  w e r e  m e a s u r e d  a g a inst 
r e a g e n t  blanks in both cases.
P h o s p h o l i p i d P I n c o r p o r a t i o n .
P h o s p h a t i d i c  A c i d  7.35 +_ 3.46
P h o s p h a t  idyl s er ine 0 .78 +_ 0 . 4 4
P h o s p h a t i d y 1 i n o s i t o l  11. 6 3  + 1.52
P h o s p h a t i d y l e t h a n o l a m i n e  0.25 + 0.1 4
P h o s p h a t i d y l c h o l i n e  0 . 2 3  + 0.15
32
T a b l e  6. I n c o r p o r a t i o n  of P into the 
p h o s p h o l i p i d  c l a s s e s  of l o c u s t  c e r e b r a l  g a n g l i a .
R e s u l t s  are e x p r e s s e d  as the r a t i o  of the
s p e c i f i c  a c t i v i t y  (in cpm pg  ^ P) of the i n d i v i d u a l
p h o s p h o l i p i d  c l a s s  (after 1 h in s a l i n e  c o n t a i n i n g  10 
32 -1
P ml ) to that of the total p h o s p h o l i p i d  
f r a c t i o n  from e a c h  of 6 e x p e r i m e n t s .  E r r o r s  are one 
s t a n d a r d  d e v i a t i o n  from the m e a n s .
-8 4-
3
- I n c o r p o r a t i o n  of [— H ] i n o s i t o l - 
- into the p h o s p h o l i p i d s -
5.5
3
Th e  i n c o r p o r a t i o n  of [ H ] i n o s i t o l  was s t u d i e d
as a m o r e  c o n v e n i e n t  m e a n s  of d e t e r m i n i n g  the e f f e c t  of
32
l i g a n d s  on PI t u r n o v e r  than the i n c o r p o r a t i o n  of P.
3
Th e  [ H ] i n o s i t o l  was i n c o r p o r a t e d  e n t i r e l y
into the PI f r a c t i o n  of the p h o s p h o l i p i d .  T his was shown
in an e x p e r i m e n t  in w h i c h  the l i p i d  e x t r a c t  was
s u b j e c t e d  to the same s e p a r a t i o n  p r o c e d u r e  as that used 
32
in the P i n c o r p o r a t i o n  e x p e r i m e n t s  ( s e c t i o n  5 . 1 . 1 ) ,  
and the s e p a r a t e  f r a c t i o n s  m i x e d  w i t h  s c i n t i l l a t i o n  
f l u i d  and c o u n t e d  by l i q u i d  s c i n t i l l a t i o n  c o u n t i n g .  No 
f r a c t i o n  o t h e r  than that c o r r e s p o n d i n g  to PI s h o w e d  
a c t i v i t y  a b o v e  b a c k g r o u n d .
3
The time c o u r s e  of [ H ] i n o s i t o l  i n c o r p o r a t i o n
was f o l l o w e d  for up to one hour. T h e  i n c o r p o r a t i o n  of 
3
[ H ] i n o s i t o l  into the l i p i d  f r a c t i o n  h a d  not s a t u r a t e d  
a f t e r  one h o u r  as s h o w n  in F i g u r e  16. The r ate of u p t a k e  
was n e a r l y  l i n e a r .
P r e l i m i n a r y  e x p e r i m e n t s  in w h i c h  the 1 h 
e q u i l i b r a t i o n  p e r i o d  was not e m p l o y e d  s h o w e d  no e f f e c t  
of c a r b a c h o l  and, f u r t h e r m o r e ,  g ave v a r i a b l e  c o n t r o l  
i n c o r p o r a t i o n  (see T a b l e  7).
R e s u l t s  o b t a i n e d  a f t e r  the i n c l u s i o n  of a 1 h 
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F igure 16. Time c o u r s e  of the i n c o r p o r a t i o n  of 
[ H ] i n o s i t o l  into the g a n g l i o n i c  lipids.
The res u l t  shown is one of two e x p e r i m e n t s .  The values 
are the m e a n  and spread of d u p l i c a t e  d e t e r m i a t i o n s . 
T hese e x p e r i m e n t s  we r e  p e r f o r m e d  w i t h  a 1 h 
p ^ e i n c u b a t  ion period before the a d d i t i o n  of the 
[ H ] i n o s i t o l .  The i n c o r p o r a t i o n  was c a l c u l a t e d  as cpm 
per pg total lipid p h osphorus.
-85-
g r e a t  er i n c o r p o r a t i o n  of label in the p r e s e n c e  of 1 m M  
c a r b a c h o l ,  w h i c h  r e s p o n s e  was b l o c k e d  by the a n t a g o n i s t s  
a t r o p i n e  and p i r e n z e p i n e  (see T a b l e  8).
O t h e r  w o r k e r s  h a v e  had d i f f i c u l t y  in s h o w i n g  
a g o n i s t  s t i m u l a t i o n  of P t d l n s  t u r n o v e r  in i n s e c t  c e n t r a l  
n e r v o u s  s y s t e m s  (Ross and Brady, 1986; T r i m m e r  and 
B e r r i d g e ,  1985). T r i m m e r  and B e r r i d g e  (1985) s u g g e s t e d  
that this m i g h t  be due to h i g h  l e v e l s  of e n d o g e n o u s  
n e u r o t r a n s m i t t e r  r e l e a s e ;  it m a y  be that the 
e q u i l i b r a t i o n  p e r i o d  u s e d  is s u f f i c i e n t  for e n d o g e n o u s  
n e u r o t r a n s m i t  ter c o n c e n t r a t i o n s  to d e c r e a s e  or for the 
g a n g l i a  to r e t u r n  to a r e s t i n g  state.
- 86 -
L i g a n d S p e c i f i c  A c t i v i t y  
(cpm pg P *)
N o n e 2243 + 1690
C a r b a c h o l  (10 ^ M) 3809 + 489
A t r o p i n e  (5 x 10 ^ M) 3953 + 1531
T a b l e  7. T h e  i n c o r p o r a t i o n  of [ H ] i n o s i t o l  into the 
p h o s p h o l i p i d  pool of f r e s h l y  d i s s e c t e d  l o c u s t  c e r e b r a l  
g a n g l i a .
The v a l u e s  s h o w n  are the r e s u l t  of a t y p i c a l
e x p e r i m e n t  (one of 8) s h o w i n g  i n c o r p o r a t i o n  of 
3
[ H ] i n o s i t o l  into l o c u s t  c e r e b r a l  g a n g l i a .  T h e s e
e x p e r i m e n t s  w e r e  p e r f o r m e d  w i t h o u t  any p r e i n c u b a t i o n
3
b e f o r e  the a d d i t i o n  of the [ H ] i n o s i t o l  and s p e c i f i e d  
l i g a n d s .  The s p e c i f i c  a c t i v i t i e s  s h o w n  are the m e a n s  of 
t r i p l i c a t e  v a l u e s  and are e x p r e s s e d  +_ one s t a n d a r d  
d e v i a t  ion.
-8 7-
L i g a n d S p e c i f i c  a c t i v i t y  
(% of c o n t r o l )
N o n e 100 + 16
C a r b a c h o l  (10 ^M) 164 + 22
C a r b a c h o l  (10 ^M)
-5,
& A t r o p i n e  (5 x 10 M)
91 + 21
C a r b a c h o l  (10 ^M)
- 6 ,
& P i r e n z e p i n e  (5 x 10 M)
105 + 25
T a b l e  8. T h e  e f f e c t  of c h o l i n e r g i c  l i g a n d s  on the
3
i n c o r p o r a t i o n  of [ H ] i n o s i t o l  into the p h o s p h o l i p i d  
pool .
T h e  v a l u e s  are the m e a n s  of r e s u l t s  f rom n
s e p a r a t e  e x p e r i m e n t s ,  c a l c u l a t e d  as the s p e c i f i c
a c t i v i t y  of the p h o s p h o l i p i d  (cpm pg P and e x p r e s s e d
as a p e r c e n t a g e  of the v a l u e  for the c o n t r o l  sam p l e .  The
e r r o r s  s h o w n  are the s t a n d a r d  d e v i a t i o n s  from the m e a n s .
All t h e s e  e x p e r i m e n t s  w e r e  p e r f o r m e d  i n c l u d i n g  a 1 h
3
p r e i n c u b a t i o n  b e f o r e  the a d d i t i o n  of [ H ] i n o s i t o l  and 
the s p e c i f i e d  l i g a n d s .
-88-
- P r o d u c t i o n  of c A M P -
5.6
The a s s a y  p r o c e d u r e  o u t l i n e d  ( s e c t i o n  5.3) 
s h o w e d  that the p r o d u c t i o n  of cAMP was l i n e a r  for a 
p e r i o d  of 10 m i n  (see Figs. 17 and 18). The v a l u e s  for 
the cAMP p r o d u c e d  d u r i n g  the first 5 m i n  can be u s e d  to 
c a l c u l a t e  an a p p a r e n t  a d e n y l a t e  c y c l a s e  a c t i v i t y  for the 
g a n g l i o n i c  h o m o g e n a t e  of 205 + 17 pmol c A M P . m i n  ^.mg  
p r o t e i n  ^ .
T h e  a c t i v i t y  of the a d e n y l a t e  c y c l a s e  was 
r e d u c e d  by c a r b a c h o l  in the p r e s e n c e  (Fig. 17) but not 
in the a b s e n c e  (Fig. 18) of 100 m M  s o d i u m  c h l o r i d e .  The 
r e d u c t i o n  of c AMP p r o d u c t i o n  by c a r b a c h o l  was 
d o s e - d e p e n d e n t  (see Fig. 19). T h e  m u s c a r i n i c  a n t a g o n i s t  
a t r o p i n e  p r e v e n t e d  the d o w n - r e g u l a t i o n  of cAMP 






F i g u r e  17. Tim e  c o u r s e  of cAMP p r o d u c t i o n ;  E f f e c t  of 
c a r b a c h o l  in the p r e s e n c e  of 90 mM s o d i u m  c hloride.
This is a r e p r e s e n t a t i v e  e x p e r i m e n t ,  one of four. The 
val u e s  are the m e a n s  of d u p l i c a t e  d e t e r m i n a t i o n s  of cAMP 
c o n c e n t r a t i o n ,  in the p r e s e n c e  (O) or a b s e n c e  (•) of 
lOmM c a r b a c h o l .  The e x p e r i m e n t s  we r e  p e r f o r m e d  a c c o r d i n g  
to the m e t h o d  g i v e n  in s e c t i o n  5.3.
5 10
T im e  (m in )
15
F i g u r e  18. Time c o u r s e  of cAMP p r o d u c t i o n ;  E f f e c t  of 
c a r b a c h o l  in the a b s e n c e  of s o d i u m  chloride.
This is a r e p r e s e n t a t i v e  e x p e r i m e n t ,  one of three. The 
v a l u e s  are the m e a n s  of d u p l i c a t e  d e t e r m i n a t i o n s  of cAMP 
c o n c e n t r a t i o n ,  in the p r e s e n c e  (O) or a b s e n c e  (#) of 
lOmM c a r b a c h o l .  The e x p e r i m e n t s  w e r e  p e r f o r m e d  a c c o r d i n g  
to the m e t h o d  g i v e n  in s e c t i o n  5.3 e x c e p t  that the 











F i g u r e  19. E f f e c t  of c a r b a c h o l  c o n c e n t r a t i o n  on cAMP 
p r o d u c  t i o n .
The a m o u n t  of cAMP p r o d u c e d  by the g a n g l i o n i c  h o m o g e n a t e  
in 5 m i n  was d e t e r m i n e d  as a m e a s u r e  of the a d e n y l a t e  
c y c l a s e  a c t i v i t y .  The e f f e c t  of the i n c l u s i o n  of a range 
of c o n c e n t r a t i o n s  of c a r b a c h o l  in the r e a c t i o n  buffer is 
shown. The v a l u e s  are e x p r e s s e d  as a p e r c e n t a g e  of the 
c o n c e n t r a t i o n  of cAMP p r o d u c e d  by the g a n g l i o n i c  
h o m o g e n a t e  in the a b s e n c e  of c a r b a c h o l  and r e p r e s e n t  the 
m e a n  _+ s t a n d a r d  d e v i a t i o n  of three i n d e p e n d e n t  
e x p e r i m e n t s ,  in each of w h i c h  d u p l i c a t e  d e t e r m i n a t i o n s  
of cAMP c o n c e n t r a t i o n  w e r e  made.
-89 -
L i g a n d  cAMP p r o d u c t i o n
(% of c o n t r o l )
Non e  100 + 10
C a r b a c h o l  (10 2M ) 51 + 8
C a r b a c h o l  ( 1 0 " 2M) 7 5 + 4
& A t r o p i n e  (10 )
T a b l e  9. R e g u l a t i o n  of cAMP p r o d u c t i o n .
R e s u l t s  are e x p r e s s e d  as m e a n  •+ s t a n d a r d  d e v i a t i o n  of the 
% of the cAMP p r o d u c e d  by the c o n t r o l  in each of n 
s e p a r a t e  e x p e r i m e n t s .
-9 0-
3
- I n h i b i t i o n  of [— H ] Q N B  b i n d i n g  b y - 
- s e l e c t i v e  m u s c a r i n i c  l i g a n d s -
5.7
To e x p r e s s  the a f f i n i t y  of an u n l a b e l l e d
l i g a n d  for a b i n d i n g  site, the or v a l u e  is used.
The v a l u e  is the c o n c e n t r a t i o n  of that l i g a n d
r e q u i r e d  to d i s p l a c e  50% of the m a x i m u m  s p e c i f i c  b i n d i n g
of a s t a n d a r d  r a d i o l a b e l l e d  l i g a n d ,  in this cas e  
3
[ H ] Q N B .  W h e n  this d i s p l a c e m e n t  is c o m p e t i t i v e  the v a l u e  
is d e p e n d e n t  on the c o n c e n t r a t i o n  of r a d i o 1 a b e 1 1 ed 
l i g a n d .  To a l l o w  for this the p o t e n c i e s  are b e t t e r  
e x p r e s s e d  as v a l u e s ,  as t h e s e  are i n d e p e n d e n t  of the
c o n c e n t r a t i o n  of r a d i o l a b e l l e d  l i g a n d  used. v a l u e s
are c a l c u l a t e d  from the v a l u e s  by the formula:
K i “ I C 50 ' (1 + L / V  
W h e r e  L is the c o n c e n t r a t i o n  of r a d i o l a b e l l e d
l i g a n d  u s e d  and is the d i s s o c i a t i o n  c o n s t a n t  for that
1 i g a n d .
3
[ H ] Q N B  b i n d i n g  to the g a n g l i o n i c  P ^ f r a c t i o n  
g e n e r a l y  g a v e  t r i p l i c a t e  v a l u e s  w i t h  a s t a n d a r d  
d e v i a t i o n  f rom the m e a n  of less than 7%. The 
n o n - s p e c i f i c  b i n d i n g  ( a s s u m e d  to be that f o u n d  w h e n  the 
a s s a y  was p e r f o r m e d  in the p r e s e n c e  of 1 m M  a t r o p i n e )  
w a s  a l w a y s  less than 20% of the b i n d i n g  in the a b s e n c e  
of any c o m p e t i n g  l i gand. T h e  m a x i m u m  s p e c i f i c  b i n d i n g  
was t a k e n  to be the d i f f e r e n c e  b e t w e e n  the s e  two v a l u e s .  
The r e s u l t s  w e r e  e x p r e s s e d  as a % of this figure.
-9 1-
For the d e t e r m i n a t i o n  of v a l u e s  for
3
u n l a b e l l e d  l i g a n d s ,  the [ H ] Q N B  c o n c e n t r a t i o n  u s e d  was
1 nM. T h e  c o n c e n t r a t i o n s  w e r e  i n i t i a l l y  d e t e r m i n e d
from the d a t a  d i s p l a y e d  as a H i l l  Plot. In this plot of
l o g ( B  / (B - B)) a g a i n s t  log I the I C cr. v a l u e  is
m a x  5U
g i v e n  by the i n t e r c e p t  at the x axis.
T h e  H i l l  Plot is a l s o  u s e f u l  b e c a u s e  the s l ope 
of the line g i v e s  an i n d i c a t i o n  of d e v i a t i o n s  from the 
L a w  of M a s s  A c t i o n .  If the L a w  of M a s s  A c t i o n  is 
f o l l o w e d  the H i l l  Plo t  of the d ata w i l l  h a v e  a s l o p e  of 
unity. D e v i a t i o n s  can take the form of a s l o p e  g r e a t e r  
t han unity, c o r r e s p o n d i n g  to p o s i t i v e  c o o p e r a t i v i t y , or 
a s l o p e  less t han u n i t y  w h i c h  i n d i c a t e s  e i t h e r  n e g a t i v e  
c o o p e r a t i v i t y  or the e x i s t e n c e  of two n o n c o o p e r a t i v e  
s i tes w i t h  d i f f e r e n t  a f f i n i t i e s  for the ligand.
3
T h e  p l o t s  of the i n h i b i t i o n  of [ H ] Q N B  b i n d i n g  
are s h o w n  (see Figs. 20, 21, 22), and the data d e r i v e d
f r o m  t h e m  (see T a b l e  10)
- C o m p u t e r  f i t t i n g  of d a t a -
5 . 7 . 1
A l t h o u g h  the H i l l  plot is u s e f u l  in d e t e c t i n g  
the p o s s i b i l i t y  of b i n d i n g  site h e t e r o g e n e i t y  it does 
not g i v e  any q u a n t i t a t i v e  i n f o r m a t i o n  of the a f f i n i t y  or 
p r o p o r t i o n  of the d i f f e r e n t  sites. For d e t e r m i n i n g  t h ese 
p a r a m e t e r s  the b e s t  m e t h o d  is c o m p u t e r  a i d e d  c u r v e  
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3
F i g u r e  20. I n h i b i t i o n  of [ H ]Q N B  b i n d i n g  by p i r e n z e p i n e .
This is a r e p r e s e n t a t i v e  e x p e r i m e n t ,  one of four. The 
s p e c i f i c  b i n d i n g  of 1 nM [ H ] Q N B  is e x p r e s s e d  as a 
p e r c e n t a g e  of the s p e c i f i c  b i n d i n g  in the a b s e n c e  of any 
c o m p e t i n g  ligand. All points are the r e s ults of 
t r i p l i c a t e  d e t e r m i n a t i o n s ,  the s t a n d a r d  d e v i a t i o n  was 
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Fig u r e  21. I n h i b i t i o n  of [ H ]QN B b i n d i n g  by 
h e x a h y d r o s i l a d i f e n i d o l .
This is a r e p r e s e n t a t i v e  e x p e r i m e n t ,  one of three. The 
s p e c i f i c  b i n d i n g  of 1 nM [ H ] Q N B  is e x p r e s s e d  as a 
p e r c e n t a g e  of the s p e c i f i c  b i n d i n g  in the a b s e n c e  of any 
c o m p e t i n g  ligand. All poi n t s  are the r e s u l t s  of 
t r i p l i c a t e  d e t e r m i n a t i o n s ,  the s t a n d a r d  d e v i a t i o n  was 







F i g u r e  22. Hill Plot of the i n h i b i t i o n  of [ H ] Q N B  by 
s e l e c t i v e  m u s c a r i n i c  ligands.
T h e s e  plots are all c o n v e r s i o n s  of typical e x p e r i m e n t s .
P i r e n z e p i n e  (a—  — □). H e x a h y d r o s i l a d i f e n i d o l  (o o).
AF DX 116 (•---- •)
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T h e  d a t a  f r o m  the i n h i b i t i o n  of [ ^ H ] Q N B  was 
m o d e l l e d  u s i n g  the "By H a n d "  p r o g r a m  of R i c h a r d s o n  and 
H u m r i c h  ( 1 9 8 3 )  m o d i f i e d  for use on a BBC m i c r o c o m p u t e r .  
T h i s  p r o g r a m  a n a l y s e s  the " g o o d n e s s  of fit" of o p e r a t o r  
g e n e r a t e d  m o d e l s  to the % o c c u p a n c y  c u r v e  for the test 
1 i g a n d .
A t w o - s i t e  m o d e l  g a v e  a s t a t i s t i c a l l y  b e t t e r
fit, d e t e r m i n e d  by a p a r t i a l  F test, than a one s ite
3
m o d e l .  W h e n  c o r r e c t e d  for the c o n c e n t r a t i o n  of [ H ] Q N B  
the a f f i n i t i e s  a n d  p r o p o r t i o n s  of the two s i t e s  are:
K . 0 . 1 5  x 1 0 ” 6 M - 55%
i 1
K . n 7.5 x 1 0 ” 6 M - 60%
i 2
T he p r o p o r t i o n s  of the two s i t e s  a r e  e x p r e s s e d
as % of the b i n d i n g  in the a b s e n c e  of any p i r e n z e p i n e .
H o w e v e r  the b e s t  fit was o b t a i n e d  u s i n g  as the m a x i m u m  
3
b i n d i n g  the [ H ] Q N B  b o u n d  in the p r e s e n c e  of 10 nM 
p i r e n z e p i n e  w h i c h  was, in all e x p e r i m e n t s ,  a b o u t  115% of 
the c o n t r o l  v a l u e .
- 9 3 -
L i g a n d  K. (pM) N
l H
P i r e n z e p i n e  1.9 + 1.1 0.5 0  + 0.0 4
H e x a h y d r o s i l a d i f e n i d o l  0 . 2 4  + 0.12 0.65 + 0.1 8
AF D X - 116 52 + 34 0.6 3  + 0.21
T a b l e  10. I n h i b i t i o n  c o n s t a n t s  (K^) and H i l l  N u m b e r s
3
(N ) for the i n h i b i t i o n  of [ H ] Q N B  b i n d i n g  by s e l e c t i v e  
H
m u s c a r i n i c  l i g a n d s .  E a c h  v a l u e  is the m e a n  for t h r e e  
s e p a r a t e  e x p e r i m e n t s  and is g i v e n  +_ one s t a n d a r d  
d e v i a t  i o n .
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- S e c o n d  m e s s e n g e r s  l i n k e d  to the m A C h R -
5.8
- A d e n y l a t e  c y c l a s e  r e g u l a t i o n -
5.8.1
A l t h o u g h  an a d e n y l a t e  c y c l a s e  a c t i v i t y  had 
p r e v i o u s l y  b e e n  sh o w n  in the c e r e b r a l  g a n g l i o n  of 
S c h i s t o c e r c a  g r e g a r i a  (Morton, 1984) it h ad  not be en  
sh own  to be m o d u l a t e d  by a mA C h R.  The only p u b l i s h e d  use 
of c h o l i n e r g i c  l i g a n d s  in an in s ec t  CNS a d e n y l a t e  
c y c l a s e  a s s a y  is that of Su t e r  (1986) but the o m i s s i o n
of N a + , r e q u i r e d  in the m a m m a l i a n  system, lead  to
i n c o n c l u s i v e  r e s u l t s .
T he a p p a r e n t  a d e n y l a t e  c y c l a s e  a c t i v i t y  found 
in this st u d y  (205 +_ 17 pmol c A M P . m i n  ^.mg p r o t e i n  *) 
a g r e e s  c l o s e l y  w i t h  the r e su l t  of M o r t o n  (1984; 209 + 13
pmol c A M P . m i n  ^ ,mg  p r o t e i n  ^), for the same tissue.
In the v e r t e b r a t e  s y s t e m  the d o w n - r e g u l a t i o n  
of a d e n y l a t e  c y c l a s e  is d e p e n d e n t  on the p r e s e n c e  of 
5 0 - 1 0 0 m M  N a C l  ( J a k o b s  £ £  al_. , 1979 ). In this s t u d y  1 m M
c a r b a c h o l  h a d  no m e a s u r a b l e  e f f e c t  on the r ate of cAMP
p r o d u c t i o n  in the a b s e n c e  of N a Cl, in the p r e s e n c e  of 90
m M  N a C l  h o w e v e r  1 m M  c a r b a c h o l  r e d u c e d  the a d e n y l a t e  
c y c l a s e  a c t i v i t y  to 60% of the b a s a l  level. T h i s  
d e p e n d e n c e  on N a C l  is a s s o c i a t e d  in the v e r t e b r a t e  
s y s t e m  w i t h  e f f e c t s  m e d i a t e d  by the G T P - b i n d i n g  p r o t e i n
N^ w h i c h  is t h o u g h t  to m e d i a t e  the d o w n - r e g u l a t i o n  of
-9 5-
a d e n y l a t e  c y c l a s e  by s e v e r a l  n e u r o t r a n s m i t t e r s  (Co o p e r ,  
1981 ).
It has b e e n  d e m o n s t r a t e d  h e r e  that the i n s e c t  
CNS does, l i k e  the v e r t e b r a t e ,  s h o w  m u s c a r i n i c  
d o w n - r e g u l a t i o n  of cAMP p r o d u c t i o n .
- P h o s p h o i n o s i t i d e  m e t a b o l i s m -
5 . 8 . 2
P h o s p h o i n o s i t i d e  m e t a b o l i s m  has p r e v i o u s l y  
b e e n  s h o w n  to be i m p o r t a n t  in p e r i p h e r a l  t i s s u e s  in 
i n s e c t s  ( F a i n  a n d  B e r r i d g e ,  1979) and in 
p h o t o t r a n s d u e t i o n  in the p h o t o r e c e p t o r s  of L i m u l u s , 
a n o t h e r  a r t h r o p o d  ( B r o w n  et a l ., 1984; F e i n  et al.,
1984). In the i n s e c t  CNS, h o w e v e r ,  a l t h o u g h  t h e r e  h a v e  
b e e n  r e p o r t s  of the c o m p o n e n t  p a r t s  of the s e c o n d  
m e s s e n g e r  s y s t e m  b a s e d  on PI; p o l y p h o s p h o i n o s i t i d e s  
( K i l l i a n  and S c h a c h t ,  1979), i n o s i t o l t r i s p h o s p h a t e  
( T r i m m e r  and B e r r i d g e ,  1985) and PI p h o s p h o d i e s t e r a s e  
( Y o s h i o k a  £_t al^. 1985 ) the p r e s e n c e  of a f u n c t i o n a l ,
a g o n i s t - s t i m u l a t e d , s y s t e m  h a d  not b e e n  e s t a b l i s h e d ,  
b e f o r e  this study. T h e  p r e v i o u s  a t t e m p t s  to s t u d y  the 
e f f e c t s  of n e u r o t r a n s m i t t e r s  on the m e t a b o l i s m  of the 
p h o s p h o i n o s i t i d e s , h a v e  f o u n d  d i f f i c u l t y  in o b t a i n i n g  
r e p r o d u c i b l e  s i g n a l s .  T r i m m e r  and B e r r i d g e  (1985) f o u n d  
e v i d e n c e  that t h e r e  was a h i g h  b a s a l  a c t i v i t y  of the 
p h o s p h o i n o s i t i d e  m e t a b o l i c  cycle. In t h e i r  p r e p a r a t i o n  
l i t h i u m ,  w h i c h  a c t s  to i n h i b i t  the h y d r o l y s i s  of
- 9 6 -
i n o s i t o l - l - p h o s p h a t e  to i n o s i t o l ,  c a u s e d  g r e a t l y
3
e n h a n c e d  i n c o r p o r a t i o n  of e x o g e n o u s  [ H j i n o s i t o l ,  an
e f f e c t  w h i c h  is o b s e r v e d  only u n d e r  s t i m u l a t i n g
c o n d i t i o n s  in o t h e r  t i s s u e s  ( B e r r i d g e  et al., 1982).
T h e y  c o n c l u d e d  that the h i g h  r ate of b a s a l  t u r n o v e r  was
o b s c u r i n g  any e f f e c t  of the a g o n i s t s  that they tried.
T h e y  a l s o  f o u n d  that a t r o p i n e ,  a m u s c a r i n i c  a n t a g o n i s t ,
was e f f e c t i v e  in r e d u c i n g  the p r o d u c t i o n  of i n o s i t o l
p h o s p h a t e s  a n d  s u g g e s t e d  that the h i g h  b a s a l  t u r n o v e r
m i g h t  be due to r e l e a s e  of h i g h  l e v e l s  of e n d o g e n o u s
n e u r o t r a n s m i t t e r .
T h e  r e l e a s e  of e n d o g e n o u s  n e u r o t r a n s m i t t e r
m i g h t  e x p l a i n  the d i f f i c u l t y  f o u n d  in this s t u d y  in
3
o b t a i n i n g  a m e a s u r a b l e  e f f e c t  on [ H j i n o s i t o l  
i n c o r p o r a t i o n  by t r e a t m e n t  w i t h  c a r b a c h o l .  T h a t  the 
e v e n t u a l  s o l u t i o n  was a 1 h p r e i n c u b a t i o n  m a y  a l s o  
i n d i c a t e  that the d i s s e c t i o n  of g a n g l i a  m a y  be so 
t r a u m a t i c  to the t i s s u e  as to c a u s e  s i g n i f i c a n t  r e l e a s e  
of n e u r o t r a n s m i t t e r  a n d  that a l o n g  time is r e q u i r e d  for 
the g a n g l i a  to r e c o v e r .  T h i s  e f f e c t  m a y  be e x a c e r b a t e d  
by the use of m e t a l  i n s t r u m e n t s  for the d i s s e c t i o n ,  
e l e c t r o p h y s i o l o g i s t s  p r e f e r  u s i n g  n o n e o n d u c t i v e  
m a t e r i a l s  for d i s s e c t i o n  to p r e v e n t  'agony p o t e n t i a l s '  
( I r v i n g ,  p e r s o n a l  c o m m u n i c a t i o n ) ,  R o s s  and B r a d y  (19 8 6 )
u s e d  " g l a s s  h o o k s "  to h a n d l e  the c e n t r a l  n e r v e  c o r d s  in
32 . . . .
th e i r  e x p e r i m e n t s  on P l a b e l l i n g  of p h o s p h o l i p i d s  in
A c h e  ta d o m e s t i c u s .
T h i s  s t u d y  is the first in w h i c h  the i n s e c t
- 9 7 -
CNS has b e e n  s h o w n  to p o s s e s s  a p h o s p h o i n o s i t i d e  
m e t a b o l i s m  w h i c h  can be s t i m u l a t e d  by a r e c o g n i z e d  
n e u r o t r a n s m i t t e r  a g o n i s t .  T h e  p o t e n c y  of the a n t a g o n i s t s  
a t r o p i n e  and p i r e n z e p i n e  s u g g e s t s  that the r e c e p t o r  
i n v o l v e d  is an A C h R  of m u s c a r i n i c  p h a r m a c o l o g y .
5 . 8 . 3
In the v e r t e b r a t e  CNS the m A C h R  is d i r e c t l y  
l i n k e d  to t h r e e  d i f f e r e n t  e f f e c t o r  m e c h a n i s m s .  Of the s e 
three, two, the d o w n - r e g u l a t i o n  of a d e n y l a t e  c y c l a s e  and 
the e n h a n c e d  m e t a b o l i s m  of p h o s p h o i n o s i t i d e s , h a v e  in 
this p r o g r a m m e  b e e n  d e m o n s t r a t e d  to be l i n k e d  to l o c u s t 
CNS m A C h R s  in an a p p a r e n t l y  s i m i l a r  f a s h i o n  to that in 
the v e r t e b r a t e  CNS. The third, o p e n i n g  of p o t a s s i u m  
c h a n n e l s  (Noma, 1986), w i l l  r e q u i r e  an 
e l e c t r o p h y s i o l o g i c a l  i n v e s t i g a t i o n  if it is to be 
d e t e c t e d .
T h e  d o w n - r e g u l a t i o n  of cAMP p r o d u c t i o n  r e s u l t s  
in a d e c r e a s e  in the a c t i v i t y  of c A M P - d e p e n d e n t  p r o t e i n  
k i n a s e s  a n d  the o p e n i n g  of p o t a s s i u m  c h a n n e l s  l e a d s  to 
h y p e r p o l a r i z a t i o n  of the cell m e m b r a n e .  Thus b o t h  the 
d o w n - r e g u 1a t i o n  of a d e n y l a t e  c y c l a s e  and the o p e n i n g  of 
p o t a s s i u m  c h a n n e l s  are i n h i b i t o r y  e f f e c t s  in n a t u r e .  
E i t h e r  of t h e s e  m e c h a n i s m s  w o u l d  be a p p r o p r i a t e  for the 
f e e d b a c k  i n h i b i t i o n  of A C h  r e l e a s e  in l o c u s t  
s y n a p t o s o m e s  p r o p o s e d  by B r e e r  a n d  K n i p p e r  (1984).
B r e e r  ( p e r s o n a l  c o m m u n i c a t i o n )  has s i n c e  sho w n  
that A C h  r e l e a s e  in l o c u s t  s y n a p t o s o m e s  can be e n h a n c e d
- 9 8 -
by the use of d i b u t y r y l - c A M P . T his s u g g e s t s  that the 
m u s c a r i n i c  a u t o r e c e p t o r  that he p o s t u l a t e s  m a y  e x e r t  its 
e f f e c t  by the r e g u l a t i o n  of cAMP p r o d u c t i o n .  T h i s  is 
b e l i e v e d  to be the c ase in the v e r t e b r a t e  w h e r e  the 
m u s c a r i n i c  a u t o r e c e p t o r  is t h o u g h t  to be of an 
p h a r m a c o l o g y  ( M e y e r  and Otero, 1985), the m A C h R  s u b c l a s s
il -Kt
b e l i e v e d  to be r e s p o n s i b l e  for a d e n y l a t e  c y c l a s e
r e g u l a t i o n .  B r e e r  ( p e r s o n a l  c o m m u n  i<* a t i on ) has e v i d e n c e
that s u p p o r t s  this theory, he finds that p i r e n z e p i n e  the
3
M^ s e l e c t i v e  a n t a g o n i s t  i n h i b i t s  the b i n d i n g  of [ H ] Q N B  
w i t h  less p o t e n c y  in membranes? from a s y n a p t o s o m a l  
p r e p a r a t i o n  t h a n  it does for m e m b r a n e s  w h i c h  he 
c o n s i d e r s  to be fro m  n e r v e  cell b odies.
Th e  a d e n y l a t e  c y c l a s e  a c t i v i t y  in the l o c u s t  
has b e e n  s h o w n  to be s t i m u l a t e d  by s e v e r a l  a m i n e s  
( M o r t o n ,  1984) in b o t h  his s t u d y  and t h o s e  of o t h e r  
w o r k e r s  on the CNS of o t h e r  i n s e c t s  ( C o m b e s t  ^t a l ., 
1985; Sut e r ,  1986 and D u d a i  and Zvi, 1984) o c t o p a m i n e  
has b e e n  s h o w n  to be the m o s t  e f f e c t i v e  n e u r o t r a n s m i t t e r  
at s t i m u l a t i n g  cAM P  p r o d u c t i o n .  It m a y  be that A C h  
s e r v e s  to o p p o s e  t h e s e  s t i m u l a t o r y  e f f e c t s  w h i c h  m a y  
e x p l a i n  some of the d i f f i c u l t y  f o u n d  in o b t a i n i n g  a 
m u s c a r i n i c  e f f e c t  e 1 e c t r o p h y s i o l o g i c a 1 1 y . S ome 
e l e c t r o p h y s i o l o g y  has b e e n  done on o c t o p a m i n e r g i c  
s y s t e m s  in the i n s e c t  CNS (Suter, 1986 and r e f e r e n c e s  
t h e r e i n ) ,  ajhd an e x a m i n a t i o n  of the e f f e c t s  of s p e c i f i c  
m u s c a r i n i c  a g o n i s t s  on the a m p l i t u d e  of the o c t o p a m i n e  
r e s p o n s e  m i g h t  p r o v e  f r u i t f u l .
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The p r e s e n c e  of a m A C h R - s t i m u l a t e d  
p h o s p h o i n o s i t i d e  m e t a b o l i s m ,  w h i c h  is s t i m u l a t o r y  
t h r o u g h  the a c t i v a t i o n  of b o t h  c a l c i u m  d e p e n d e n t  p r o t e i n  
k i n a s e s  a n d  p r o t e i n  k i n a s e  C, m a y  i n d i c a t e  that t h e r e  
s h o u l d  be a s t i m u l a t o r y  m A C h R  r e s p o n s e  in the l o c u s t  
CNS. S u c h  a r e s p o n s e  has not b e e n  i d e n t i f i e d  in the CNS 
but the e x c i t a t o r y  r e s p o n s e  o b s e r v e d  by F u l t o n  (1982) 
p r e s y n a p t i c  to the n e u r o - m u s c u l a r  j u n c t i o n  in the l o c u s t  
m a y  be a c a n d i d a t e .  The c h a r a c t e r i s t i c s  of the r e s p o n s e  
that F u l t o n  (1982) found to the s p e c i f i c  m u s c a r i n i c  
a g o n i s t  a c e t y l - 8 - m e t h y l c h o l ine are c o n s i s t e n t  w i t h  a 
s e c o n d  m e s s e n g e r  c o n t r o l l e d  p r o c e s s .  T h e  o n s e t  of the 
e f f e c t  is slow, c o m p a r e d  w i t h  the n i c o t i n e  e v o k e d  
e f f e c t ,  and l a s t s  m u c h  l o n g e r .  F u r t h e r m o r e  F u l t o n  (1982) 
p r e s e n t s  e v i d e n c e  that the e f f e c t  is due to a 
f a c i l i t a t i o n  of n e u r o t r a n s m i t t e r  ( p r o b a b l y  g l u t a m a t e )  
r e l e a s e  f rom the m o t o r n e u r o n e .  It has s i n c e  b e e n  s h o w n  
that p h o r b o l  e s t e r s  c a p a b l e  of s t i m u l a t i n g  p r o t e i n  
k i n a s e  C, w h i c h  p h y s i o l o g i c a l l y  r e s p o n d s  to 
d i a c y l  g l y c e r o l  p r o d u c e d  from P I P 2 c l e a v a g e ,  can e n h a n c e  
n e u r o t r a n s m i t t e r  r e l e a s e  from s y n a p t o s o m e s  ( N i c h o l s  et 
a l ., 1987). So m A C h R  s t i m u l a t i o n  of the p h o s p h o i n o s i t i d e
s y s t e m  m u s t  be a p o s s i b e  m e c h a n i s m  for p r e s y n a p t i c  
c o n t r o l  of the e x c i t a t o r y  a m i n o - a c i d  n e u r o m u s c u l a r  
j unc t i o n .
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- M u s c a r i n ic r e c e p t o r  h e t e r o g e n e i t y -
5.9
In v e r t e b r a t e  t i s s u e s  the m A C h R  has b e e n  found
to s h o w  two forms of b i n d i n g  h e t e r o g e n e i t y ,  w h i c h  are
o nly p a r t i a l l y  l i n k e d  (Hoss and E l l i s ,  1985). B i r d s a l l
e t a l . (1978 , 1980 ) fou n d  that the b i n d i n g  of a g o n i s t s
did not fit one s i t e  m o d e l s .  In a d d i t i o n  the m u s c a r i n i c
a n t a g o n i s t  p i r e n z e p i n e  has b e e n  s h o w n  in v e r t e b r a t e
t i s s u e s  to d i f f e r e n t i a t e  b e t w e e n  at l e a s t  two c l a s s e s  of
m A C h R  not d i s t i n g u i s h e d  by the c l a s s i c a l  a n t a g o n i s t s
such as Q N B  and a t r o p i n e  ( H a m m e r  e^ t _al_. , 1980). It seems
that t h e s e  two forms of m A C h R  h e t e r o g e n e i t y  are not
e q u i v a l e n t  as W a t s o n  et al_. (1986) h a v e  s h o w n  that there
is still e v i d e n c e  for r e c e p t o r  h e t e r o g e n e i t y  w h e n  they
u s e d  a g o n i s t s  to i n h i b i t  the b i n d i n g  of low
3
c o n c e n t r a t i o n s  of [ H ]p i r e n z e p i n e , w h i c h  w o u l d  be
e x p e c t e d  to be b i n d i n g  to onl y  the s u b c l a s s .
The m A C h R  in i n s e c t  n e r v o u s  t i s s u e  has
p r e v i o u s l y  b e e n  s h o w n  to p o s s e s s  h e t e r o g e n e i t y  in the
3
i n h i b i t i o n  of [ H ] Q N B  b i n d i n g  by a g o n i s t s .  A g u i l a r  and 
L u n t  (1984) c a l c u l a t e d  the H i l l  c o e f f i c i e n t s  of b o t h  
a c e t y l c h o l i n e  and c a r b a c h o l  to be less than 0.5, W h y t e  
and L u n t  (1986) p r e s e n t e d  dat a  on the i n h i b i t i o n  of 
[ H ] Q N B  by a n o t h e r  m u s c a r i n i c  a g o n i s t  o x o t r e m o r i n e , 
r e c a l c u l a t i o n  of t h e i r  data giv e s  a H i l l  c o e f f i c i e n t  of 
0 .65 (see F i g u r e  23 for Hill p l o t s  c a l c u l a t e d  f rom t h eir 







F i g u r e  23. Hill P l o t  of the i n h i b i t i o n  of [ ^ H ] Q N B  by 
o x o t r e m o r i n e ,  r e c a l c u l a t e d  from W h y t e  a n d  L u n t  (1986).
D a t a  r e c a l c u l a t e d  from the f i g u r e  of W h y t e  and L u n t  
(1986), i n h i b i t i o n  of the b i n d i n g  of 4 nM [ H ] Q N B  to 
l o c u s t  g a n g l i o n i c  m e m b r a n e s  in the p r e s e n c e  (□-— —  □) a n d  
a b s e n c e  (o o) of 100 pM GTP.
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A g u i l a r  and L u n t  (1984) c a l c u l a t e d  a H i l l  c o e f f i c i e n t  of 
0 .92 for the s ame ligand.
T h e  s u b c 1 a s s - s e l e c t i v e  a n t a g o n i s t s  h a v e  not 
p r e v i o u s l y  b e e n  u s e d  in i n s e c t  t i s s u e s .  T his s t u d y  has 
s h o w n  that in the l o c u s t  CNS p i r e n z e p i n e  i n h i b i t s  
h i g h - a f f i n i t y  [ H ] Q N B  b i n d i n g  in a c o n c e n t r a t i o n  
d e p e n d e n t  f a s h i o n  and that the H i l l  P l o t  of the r e s u l t s  
has a s l o p e  less than unity. C o m p u t e r  f i t t i n g  of the 
c u r v e  g i ves a b e t t e r  fit for a two site m o d e l  than for a 
one site m o d e l ,  a n d  thus it w o u l d  a p p e a r  that the m A C h R  
in the l o c u s t  CNS are not a h o m o g e n o u s  p o p u l a t i o n  of 
b i n d i n g  sites.
T h e  p r e s e n c e  of two m A C h R  l i n k e d  e f f e c t o r  
m e c h a n i s m s  in the same t i s s u e  w o u l d  s e e m  to c o n f i r m  this 
h e t e r o g e n e i t y  of r e c e p t o r s  as t h e r e  is e v i d e n c e  in 
v e r t e b r a t e s  that the d i f f e r e n t  r e c e p t o r  p o p u l a t i o n s ,  as 
d i s t i n g u i s h e d  by p i r e n z e p i n e  and o t h e r  s e l e c t i v e  
a n t a g o n i s t s ,  are c o u p l e d  to d i f f e r e n t  e f f e c t o r  
m e c h a n i s m s  ( F i s h e r ,  1986). It is g e n e r a l l y  t h o u g h t  that 
in v e r t e b r a t e  t i s s u e s  the r e c e p t o r s  w i t h  the h i g h e s t  
a f f i n i t y  for p i r e n z e p i n e ,  c a l l e d  M^ by some w o r k e r s ,  are 
t h o s e  l i n k e d  to the a c t i v a t i o n  of p h o s p h o i n o s i t i d e  
m e t a b o l i s m ,  w h i l e  the M 2 r e c e p t o r s  are l i n k e d  to the 
o t h e r  e f f e c t o r  m e c h a n i s m s ;  a d e n y l a t e  c y c l a s e  r e g u l a t i o n  
and p o t a s s i u m  c h a n n e l  a c t i v a t i o n .  T his m a y  a l s o  be the 
c a s e  in the l o c u s t  as the e n h a n c e m e n t  of PI t u r n o v e r  
p r o d u c e d  by 1 mM c a r b a c h o l  is c o m p l e t e l y  b l o c k e d  by 
p i r e n z e p i n e  at a c o n c e n t r a t i o n  of 5 x 10 ^ M, w h i c h  is a
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c o n c e n t r a t i o n  b e l o w  the for the low a f f i n i t y  site for
p i r e n z e p i n e  d e t e r m i n e d  by c o m p u t e r  f i t t i n g  to the 
c o m p e t i t i o n  cu r v e for p i r e n z e p i n e  a g a i n s t  [ H] QNB .
T wo  o t h e r  a n t a g o n i s t s  w h i c h  h a ve  be e n r e p o r t e d  
to d i f f e r e n t i a t e  b e t w e e n  t hr e e  d i f f e r e n t  s u b c l a s s e s  of 
m A C h R  are A F - D X  16 (H a m m e r  £_t a_l. , 1986) and
h e x a h y d r o - s i l a d i f e n i d o l  ( M u t s c h l e r  and L a m b r e c h t ,  1984), 
B i r d s a l l  £_t a_l. (in pr es s )  ha v e used th ese three 
c o m p o u n d s  to c l a s s i f y  the th r e e p u t a t i v e  s u b t y p e s  of 
m A C h R  by the r an k o r d e r  of p o t e n c y  for each. The r e s u l t s  
o b t a i n e d  in this s t ud y  u s i n g  th ese c o m p o u n d s  s u g g e s t  
that the p h a r m a c o l o g y  in this t is sue  is a c o m b i n a t i o n  of 
the types  d e s c r i b e d  by B i r d s a l l  ^_t a_l. (in pr es s ) as 
" N e u r o n a l "  an d " G la n d " .  Th i s a s s i g n m e n t  can only be 
t e n t a t i v e  and is b a s e d  on th e s e a r g u m e n t s :  (a)
p i r e n z e p i n e  is m o s t  e f f e c t i v e  at d i s t i n g u i s h i n g  b e t w e e n  
th ese  s u b c l a s s e s  in the rat and gives the l o w e st  Hill  
c o e f f i c i e n t  of the th r ee  c o m p o u n d s  in this work, w h e r e a s  
AF D X - 1 1 6  and h e x a h y d r o s i l a d i f e n i d o l  do not 
d i f f e r e n t i a t e  b e t w e e n  the two s u b c l a s s e s  as w el l  in the 
rat, and h a v e  Hill  c o e f f i c i e n t s  ab o ve  0.6 in this study  
( Tab le  10); (b) the o r d e r  of p o t e n c y  in this st ud y
( h e x a h y d r o s i l a d i f e n i d o l  > p i r e n z e p i n e  > AF D X - 1 1 6 )  is 
the same as that e x p e c t e d  in the rat for a m i x t u r e  of 
these two s u b c l a s s e s .
The re c e n t  r e p o r t s  by K ub o et a_l. ( 1 9 8 6 a , b )  of 
the a m i n o  ac i d  s e q u e n c e s  of m A C h R s  w h i c h  they t h i n k
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r e p r e s e n t  two d i f f e r e n t  s u b t y p e s  of mA Ch R ,  s u g g e s t s  that 
the d i f f e r e n t  s u b t y p e s  m a y  all be d i f f e r e n t  but 
h o m o l o g o u s  g e n e  p r o d u c t s .  If this p r o v e s  to be so then  
the p r e s e n c e  of a h e t e r o g e n e o u s  p o p u l a t i o n  of m A C h R s  in 
the l o c u s t  w o u l d  s u g g e s t  that the e v o l u t i o n a r y  
d i v e r g e n c e  of the d i f f e r e n t  m A C h R s  t ook  p l a c e  b e f o r e  the 
d i v e r g e n c e  b e t w e e n  the a r t h r o p o d  a n d  the v e r t e b r a t e  
l i n e a g e s .
If this a r g u m e n t  h o l d s  true th en it w o u l d  be 
i n t e r e s t i n g  to f o l l o w  the c o m p a r a t i v e  p h a r m a c o l o g y  of 
m A C h R  b a c k  t h r o u g h  p h y l a  w i t h  l i n e a g e s  w h i c h  ar e t h o u g h t  
to h a v e  d i v e r g e d  e a r l i e r  still  a nd p e r h a p s  d i s c o v e r  
s o m e t h i n g  of the o r i g i n  of the m o l e c u l a r  c o m p l e x i t y  of 
the h i g h e r  n e r v o u s  sys t em s .  T h i s  a p p r o a c h  m a y  a l s o  be 
a p p l i c a b l e  to o t h e r  r e c e p t o r  s y s t e m s ,  w h e r e  it is 
p o s s i b l e ,  by the c a r e f u l  c h o i c e  of s e l e c t i v e  l i g a n d s  to 
d i s t i n g u i s h  b e t w e e n  s u b t y p e s  of a r e c e p t o r  w h i c h  sh a r e  
an e x t e n s i v e  c o m m o n  p h a r m a c o l o g y .  For  e x a m p l e  the 
d i f f e r e n t  s u b t y p e s  of the m A C h R  s h a r e  an e x t e n s i v e  
c o m m o n  p h a r m a c o l o g y  w i t h  r e s p e c t  to a t r o p i n e ,  QNB, 
ac e tyl-/6-me t h y l c h o l  ine etc., w h e r e a s  n A C h R  a n d  m A C h R  
s h a r e  o n l y  a l i m i t e d  p h a r m a c o l o g y  i.e. A Ch  a n d  c a r b a c h o l  
a nd  are not d i r e c t l y  r el a t e d .
On a d i f f e r e n t  sc a le  the c o e x i s t e n c e  of 
r e c e p t o r s  of c o m p l e t e l y  d i f f e r e n t  p h a r m a c o l o g i e s  m a y  
g iv e  e v i d e n c e  for m o l e c u l a r  e v o l u t i o n .  T hi s f o l l o w s  the 
e v i d e n c e  f r o m  m o l e c u l a r  g e n e t i c s  s t u d i e s  that the m A C h R  
is h o m o l o g o u s  in b o t h  D N A  and p r o t e i n  s e q u e n c e  w i t h  the
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^ - a d r e n e r g i c  r e c e p t o r ,  and the h y p o t h e s i s  that t he y  m a y  
h a v e  e v o l v e d  f r o m  a c o m m o n  a n c e s t o r ,  a l o n g  w i t h  a 
p r o t e i n  as f u n c t i o n a l l y  d i s t i n c t  as r h o d o p s i n  (Kubo ej: 
a 1. , 1 9 8 6 a , b ;  B i r d s a l l  and  H u l m e  1986).
T h i s  e v i d e n c e  m a y  be u se d  to p r o p o s e  a s y s t e m  
for r e c e p t o r  c l a s s i f i c a t i o n  w h i c h  is b a s e d  on 
i n f o r m a t i o n  f r o m  m o l e c u l a r  g e n e t i c s  w h i c h  m a y  c o r r e l a t e  
w i t h  the b a s i c  m e t h o d  of s i gn a l  t r a n s d u c t i o n .  S t u d i e s  on 
the c o m p a r a t i v e  p h a r m a c o l o g y  of r e c e p t o r s  in d i f f e r e n t  
p h y l a  may, thus, be of g r e a t  use if a p p l i e d  in 
c o n j u n c t i o n  w i t h  m o l e c u l a r  bi o l o g y ,  g e ne  c l o n i n g  a n d  
s e q u e n c i n g ,  in u n r a v e l l i n g  the c o u r s e  of the m o l e c u l a r  
e v o l u t i o n  of the n e r v o u s  sy stem.
- F u r t h e r  W o r k -
4.11
A l t h o u g h  the p r e s e n c e  of m o r e  than one  s u b t y p e  
of m A C h R  in the l o c u s t  has b e e n  sh ow n  the p r e c i s e  
r e l a t i o n s h i p  b e t w e e n  th e m a n d  the s u b t y p e s  of m A C h R  
w h i c h  h a v e  b e e n  c h a r a c t e r i s e d  in the v e r t e b r a t e s  has no t  
b e e n  f i r m l y  e s t a b l i s h e d .  T h is  w o u l d  r e q u i r e  e x t e n d i n g  
the r a n g e  of s u b t y p e - s e l e c t i v e  c o m p o u n d s  s t u d i e d  b o t h  in 
b i n d i n g  a s s a y s  a nd in the c o n t r o l  of s e c o n d  m e s s e n g e r  
sys terns.
3
In p a r t i c u l a r  the use of [ H ]p i r e n z e p i n e  w h i c h  
is n o w  c o m m e r c i a l l y  a v a i l a b l e  w o u l d  a l l o w
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p h a r m a c o l o g i c a l  c h a r a c t e r i z a t i o n  of the s u b s e t  of 
r e c e p t o r s  w i t h  a h i g h  a f f i n i t y  for p i r e n z e p i n e ,  this 
t e c h n i q u e  has b e e n  us e d  in rat b r a i n  by B i r d s a l l  ej^ a 1 . 
(in p r e s s) .  It s h o u l d  be p o s s i b l e  to e s t a b l i s h  the 
p h a r m a c o l o g y  of the d o w n - r e g u l a t i o n  of cAMP p r o d u c t i o n ,  
a l t h o u g h  the p r e c i s e  p h a r m a c o l o g y  of the 
p h o s p h o i n o s i t i d e  r e s p o n s e  m a y  r e q u i r e  that the a s s a y  
s y s t e m  be f u r t h e r  o p t i m i s e d .
for m o r e  than two s u b t y p e s  of m A C h R  t hen
e l e c t r o p h y s i o l o g i c a l  s t u d i e s  co u l d be d e s i g n e d  to s e a r c h  
for a m A C h R - l i n k e d  p o t a s s i u m  c h a n n e l  s i m i l a r  to that 
f o u n d  in v e r t e b r a t e s .
of d i f f e r e n t  c l a s s e s  of m A C h R  in the l o c u s t  w i l l  
p r o b a b l y  r e q u i r e  the a p p l i c a t i o n  of the t e c h n i q u e s  of 
m o l e c u l a r  g e n e t i c s  u s i n g  as p r o be s  s e q u e n c e s  o b t a i n e d  
f rom  the g e n e s  for the m A C h R  f ro m v e r t e b r a t e s  by K u b o  e_t 
a l . ( 1 9 8 6 a , b )  p e r h a p s  c o n c e n t r a t i n g  on th o se  r e g i o n s
If e v i d e n c e  f ro m b i n d i n g  s t u d i e s  was o b t a i n e d
To c o n f i r m  the p h a r m a c o l o g i c a l  i d e n t i f i c a t i o n
w h i c h  are c o n s e r v e d  in the m A C h R  and
r e c e p t o r
R E F E R E N C E S
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